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INTRODUCTION 
The major role of animals in agriculture is provision of protein 
foods for human consumption. This is accomplished by harvesting the meat, 
milk and eggs that the animals synthesize from grains and forages. 
Although animals are inefficient in converting feedstuffs into edible 
protein, much of this inefficiency can be attributed to synthesis and 
storage of fat that accumulates along with the desired protein product. 
This is especially true when animals are grown for meat production. Fat 
accumulation not only reduces the efficiency of muscle protein synthesis 
but, in addition, the presence of fat with meat is considered undesirable 
by today's consumer because of caloric contributions to diets. Perhaps 
more importantly, animal fat is considered a hazardous constituent of man's 
diet by some in the medical profession because of atherogenic implications. 
Thus, several reasons exist for attempting to decrease the amount of fat 
stored by animals grown for meat production. 
Animal producers, by using improved nutrition and genetic selection, 
have had some success in recent years in providing leaner slaughter ani­
mals. Yet today, many animals do accumulate excess fat and much variation 
exists between individuals within a species as to amount and location of 
fat deposits. Some of this variation is predictable and is related to 
factors such as animal age, sex and exercise, in addition to nutrition 
and genetics. Although the extent of fat accumulation is related to 
several factors, the physiological processes through which these factors 
affect fat accumulation are unclear. Because most excess fat is located 
in adipose tissues and these tissues carry out several metabolic processes 
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involved in fat storage, it seems some relationship would exist between 
adipose tissue metabolism and extent of fat accumulation. 
In general, adipose tissue metabolism provides mechanisms by which 
energy can be stored during dietary excess and, in turn, be mobilized and 
released to other tissues during energy need. More specifically, these 
metabolic processes include fatty acid synthesis, assimilation of fatty 
acids from the circulation and glyceride synthesis from fatty acids, all 
involved in the storage phase; and glyceride breakdown with release of 
fatty acids to the circulation, a major factor in the mobilization phase. 
The overall objective of this research was to relate adipose tissue 
metabolism ^  vitro to extent of fat accumulation vivo. In the first 
phase, lipogenic potential of adipose tissues was estimated by measuring 
the activity of several NADP-dehydrogenases in adipose tissues removed 
from several sites from bovine animals differing in rate and extent of fat 
accumulation. In the second part, fat mobilizing capacities of adipose 
tissue were estimated to determine if fat mobilization was affected by 
adipose tissue site and size, genetics and nutrition of the animal. 
3 
LITERATUÏŒ REVIEW 
This literature review will give a brief description of white adipose 
tissue, followed by a discussion of aspects of adipose tissue metabolism 
considered most applicable to fat accumulation. Because of the vastness 
of the literature pertaining to adipose tissue and its metabolism, many of 
the references will be reviews. 
Description of Adipose Tissue 
Components of adipose tissue 
Adipose tissue is made up of histocytes, fibrocytes, mast cells and 
adipocytes or fat cells, as well as a vascular bed, nonmyelinated nerve 
fibers and collagen fibers (Wasserman, 1965; Napolitano, 1965; Sheldon, 
1965). The adipocytes are considered responsible for the metabolism and 
hormonal response of adipose tissue (Rodbell, 1965b). The mature, white 
adipocyte is large, up to 120-160u in diameter, and contains a single 
large lipid inclusion (Wasserman, 1965; Napolitano, 1965). The lipid core 
consists of triglycerides, apparently not surrounded by a membrane, in 
direct contact with a thin surrounding rim of cytoplasm (Napolitano, 
1965). The cytoplasm is enclosed by a plasma membrane, which is further 
surrounded by an amorphous basement membrane (Napolitano, 1965). The 
basement membrane is surrounded by collagen fibers, which are present 
throughout the intercellular spaces, apparently providing a supportive 
function (Napolitano, 1965) . 
Although nonfat cells account for 65-85% of adipose tissue DNA 
(Rodbell, 1964; Hollenberg and Vost, 1968), their importance in adipose 
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tissue metabolism is not well understood. The numerous heparin-containing 
mast cells are thought to play a role in assimilation of circulating 
lipids (Sheldon, 1965; Havel, 1965). Adipose tissue contains a large 
number of blood vessels, and the capillary network reaching the fat cells 
is apparently important in allowing adipose metabolism to proceed 
(Napolitano, 1965). Likewise, adrenergic nerve fibers found in adipose 
tissue are thought to be important in regulating adipose metabolism 
(Napolitano, 1965; Wirsen, 1965; Wertheimer and Shapiro, 1948). 
Origin of adipocytes 
The origin of adipocytes has been a controversial topic for at least 
a century. Simon (1965) and Wasserman (1965) discussed three concepts 
which have been considered over this period. Toldt suggested in 1870 
(Simon, 1965) that adipocytes were specific cells, which developed from 
specific primitive cells not of mesenchymatous type. In 1871, Fleming 
(Simon, 1965; Wasserman. 1965) reported that adipocytes belonged to the 
mesenchymal group, that they were fibrocytes that became filled with lipid 
and could revert back to connective tissue when they lost their fat. 
Hammar's proposal in 1895 (Simon, 1965; Wasserman, 1965) was somewhat of 
a compromise. He suggested that adipocytes developed from nondifferenti-
ated cells of a primitive mesenchymatous type. After 100 years, there is 
still no agreement as to the origin of adipocytes. Wasserman (1965) and 
Simon (1965) agreed with Hammar's theory and concluded that adipocytes 
are of reticuloendothelial type. Napolitano (1965) concluded, however, 
that adipocytes arose from stem cells indistinguishable from a typical 
fibroblast. Williamson and Lacy (1965) pointed out that adipocytes have 
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a surrounding basement membrane similar to endothelium, whereas fibroblasts 
lack any basement membrane. 
Development of adipocytes 
Whatever their origin, there is closer agreement as to the pattern of 
adipocyte development. Adipocytes develop and fill with lipid in pre­
determined areas of the body (Simon, 1965; Wasserman, 1965). Simon (1965) 
described the process of adipogenesis based on light and electron micros­
copic studies of adipose tissue from human fetuses, children and adults 
as follows. 
The "primitive cell", whose origin is a perivascular reticular cell 
that Simon calls an adipogenic reticular cell, has an elongated nucleus 
and little basophilic protoplasm. The nucleus soon becomes round, and 
sudanophilic lipid droplets appear in the protoplasm toward the cell 
center. As soon as lipid droplets appear, the cell loses the capacity to 
divide. The mitochondria, whose numerous cristae are parallel or hemi-
circular, increase in number and size. Free ribosomes and smooth 
endoplasmic reticulum are present. The cell reaches the "adipoblast" stage 
as the lipid inclusions become more numerous. The inclusions, 1 to 2}j in 
diameter and surrounded by free ribosomes, begin to fuse during this stage. 
The cell becomes a "preadipocyte" as more lipid accumulates, droplets con­
tinue to fuse and the centrally located nucleus becomes surrounded by 
lipid. The cell becomes a mature adipocyte when most lipid inclusions have 
coalesced to form a single, large fat drop, and the nucleus is pushed to 
the periphery and becomes flattened or oval. In the mature adipocyte, 
mitochondria are present in the protoplasm surrounding the central lipid 
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core, and small lipid inclusions are still observed in the protoplasm, 
especially near the nucleus. Napolitano (1965) described similar changes 
during development from "fibroblasts" to mature white fat cells. 
With respect to adipose tissue development, the age at which animals 
lose the capacity to acquire new adipocytes is still controversial. 
While it was once believed that the number of adipocytes was fixed at 
birth, Wasserman (1965) believed that cell enlargement alone could not 
account for the increased mass of fat often observed later in life. Simon 
(1965) demonstrated islands of adipogenesis in adipose tissue from adult 
humans identical to developing fetal tissue. Hirsch and his colleagues 
(Hirsch and Knittle, 1970) have suggested, on the basis of counting osmium-
fixed cells, that the number of adipocytes in adult humans has not been 
attained at puberty. Anderson ^  (1970) reported cell numbers in swine 
increased until the animals reached 6% months of age. Relative to 
decreased adiposity, as lipid is lost from adipose tissue, the fat cells 
decrease in size but do not disappear (Napolitano, 1965; Kirsch and 
Knittle, 1970). 
Location of adipose tissue 
Adipose tissues in mammals develop in specific locations which can be 
divided into two general areas, deep-seated and subcutaneous (Vague and 
Fenasse, 1965). The deep-seated adipose tissues include sites within the 
thoracic and abdominal cavities (perirenal, omental, mesenteric, etc.), 
head, neck, trunk, limbs (perivascular and intermuscular) and bone marrow ; 
the subcutaneous areas lie between the skin and superficial fascia (Vague 
and Fenasse, 1965). Adipose tissue in certain locations within these 
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areas is predisposed for the accumulation of fat. Several factors pro­
posed as responsible for the distribution and extent of fat accumulation 
at specific locations are number of fat cells and their capacity to 
increase in size, circulatory factors, enzymatic activities, thermal 
factors, physical activity, nervous factors and hormonal factors (Vague 
and Fenasse, 1965). 
Functions of adipose tissue 
Adipose tissue function is somewhat dependent upon location. In 
many locations such as palms of hands and soles of feet in humans, joints 
and eye sockets, adipose tissue serves to absorb shock. Subcutaneous 
adipose tissue provides insulation. In some sites adipose tissue produces 
heat upon cold exposure and awakening from hibernation. The primary 
function of adipose tissue, however, is stabilization of energy supply to 
the animal (Dole, 1965). This is accomplished by the capacity of adipose 
tissue to remove circulating lipids and carbohydrates when present in 
excess of body needs, synthesize lipids from carbohydrates, store lipids, 
and mobilize the stored lipid when needed. These processes are carried 
out by enzymes in adipose tissue and regulated by levels of metabolites 
and hormones available to that tissue. 
Metabolism of Adipose Tissue 
Fat cells of adipose tissue contain in their mitochondria, protoplasm 
and membranes many of the enzymes found in cells of other tissues. Thus, 
adipose tissue is capable of protein synthesis (Herrera and Renold, 1965), 
glycogen synthesis and breakdown (Shafrir, Shapiro and Wertheimer, 1965), 
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anaerobic glycolysis (Landau and Katz, 1965; Flatt and Ball, 1965), 
g-oxidation (Flatt and Ball, 1964), oxidative metabolism in the TCA cycle 
(Weber et al., 1965; Landau and Katz, 1965), as well as the processes that 
more directly affect lipid accumulation: fatty acid synthesis (Martin and 
Vagelos, 1965), incorporation of plasma glyceride fatty acids into adipose 
tissue (Robinson, 1970), glyceride synthesis (Shapiro, 1965; Vaughan and 
Steinberg, 1965; Leboeuf, 1965) and glyceride breakdown (Vaughan and 
Steinberg, 1965; Leboeuf, 1965). 
Fatty acid synthesis 
Fatty acid synthesis occurs in adipose and other tissues by ^  novo 
and elongation systems (Green and Wakil, 1960). A nonmitochondrial system 
is involved in de novo synthesis of palmitate. Microsomal and mitochon­
drial elongation systems form stearate and longer chain fatty acids. 
Enzymes involved The nonmitochondrial system is considered respon­
sible for ^  novo synthesis of fatt}^ acids in adipose tissue (Martin and 
Vagelos, 1965). In this system (Diagram 1), the biotin-enzyme acetyl-CoA 
carboxylase (EC 6.4.1.2) catalyzes the carboxylation of acetyl-CoA to 
form malonyl-CoA (Martin and Vagelos, 1965; Moss and Lane, 1971). A second 
enzyme, actually a multienzyme complex referred to as palmitate or fatty 
acid synthetase, catalyzes: condensation of malonyl-CoA with acetyl- or 
longer acyl-CoA, releasing CoA and CO2; reduction of the B-keto-CoA 
derivative, with the oxidation of NADPH to NADP"^; dehydration of the 
6-hydroxyacyl-CoA; and reduction of the 6-unsaturated acyl-CoA, again 
utilizing NADPH as the reductant (Martin and Vagelos, 1965). This system 
of fatty acid synthesis occurs in the cytoplasm of the fat cell in 
Diagram 1. Extramitochondrial pathway of fatty acid synthesis 
cy top lasm mi tochondr ia  
ATP ,CoA 
^  CITRATE CITRATE T  
OXALOACETATE CITRATE-CLEAVAGE 
ENZYME 
ACETYL-CoA 
'ACETYL-CoA 
CARBOXYLASE 
NADPH -
CoA 
PALMITYL-
CoA MALONYL-CoA 
FATTY ACID SYNTHETASE 
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adipose tissue of most mammals, including the bovine. But in adipose 
tissue of ruminants, acetyl-CoA and NADPH are provided in a manner differ­
ent from that in most animals (Ballard, Hanson and Kronfeld, 1969). 
Carbon precursors lu man, rats and most other animals, glucose is 
the predominant carbon precursor for fatty acid synthesis (Flatt, 1970a). 
Glucose carbon that ends up as acetate carbon in the cyzoplasm does so 
after glycolytic metabolism to pyruvate in the cytoplasm and catabolism 
of pyruvate to acetyl-CoA in the mitochondria (Diagram 2) (Ballard _e^ aJ^. , 
1969). Because mitochondrial acetyl-CoA is unable to pass freely to the 
cytoplasm, it is believed to condense with oxaloacetate by the action of 
citrate synthetase (EC 4.1.3.7). Citrate then passes across the mito­
chondrial membrane (Diagram 1) and is cleaved by citrate-cleavage enzyme 
(ATP-citrate lyase, EC 4.1.3.6) to provide cytoplasmic acetyl-CoA (Denton 
and Martin, 1970; Flatt, 1970b). 
In ruminants, where acetate is the likely carbon precursor for cyto­
plasmic acetyl-CoA and is readily converted to acetyl-CoA by acetyl-CoA 
synthetase (EC 6.2.1.1) (Hanson and Ballard, 1967) in the cytoplasm, the 
steps involving citrate can be bypassed (Diagram 2). This is probably the 
usual situation, because the activity of citrate-cleavage enzyme in adi­
pose and other ruminant tissue is usually so low that it is considered 
insignificant in ruminant tissues (Ballard _et _a^. , 1969). Ballard, 
Filsell and Jarrett (1972), however, have shown by dietary and surgical 
manipulation that adipose citrate-cleavage activity can be induced when 
sufficient glucose is present in the circulation. This supports earlier 
work by Young, Thorp and DeLumen (1969), who reported citrate-cleavage 
activity in ruminant adipose and other tissues, and suggests that the 
Diagram 2. Pathways of acetyl-CoA formation for fatty acid synthesis 
cy top lasm mi tochondr i  a  
GLUCOSE PYRUVATE PYRUVATE 
ACETYL-CoA 
O X A L O A C E T A T E v  
CITRATE 
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ACETYL-CoA CITRATE CITRATE 
ACETYL-CoA 
SYNTHETASE 
CoASH 
ACETATE 
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usual low activity reflects the greater availability of acetate over 
glucose for fatty acid synthesis. 
NADPH supply A second characteristic in fatty acid synthesis 
unique to ruminant adipose tissue is in the oxidation of metabolites 
necessary to replenish the reduced form of the pyridine nucleotides 
(Diagram 3). In man, rats and most other animals, a portion of the 
glucose is oxidized by dehydrogenases of the pentose phosphate pathway 
(glucose-6-phosphate dehydrogenase, EC 1.1.1.49, and 6-phosphogluconate 
dehydrogenase, EC 1.1.1.44), which generate reducing power as the 
pyridine nucleotide NADPH (Flatt, 1970b). The glucose that provides the 
acetate carbon for fatty acid synthesis also generates reduced pyridine 
nucleotides, but as NADH, which does not contribute to fatty acid reduc­
tion. In 1964, three groups (Young, Shrago and Lardy; Wise and Ball; 
Pande, Khan and Venkitasubramanian) suggested that transhydrogenation 
between cytoplasmic NADH and NADP"^ would allow the NADH reducing power to 
contribute to fatty acid reduction. In this scheme (Diagram 3) oxalo-
acetate arising from citrate cleavage is reduced by NAD-malate dehydroge­
nase (EC 1.1.1.37), and malate is oxidized by NADP-malate dehydrogenase 
(malic enzyme, EC 1.1.1.40) generating NADPH. Oxaloacetate is reformed by 
the action of pyruvate carboxylase (EC 6.4.1.1) in the mitochondria, thus 
completing the cycle (Ballard and Hanson, 1967). This pathway is currently 
accepted (Flatt, 1970b), and it has been estimated that the "malate cycle" 
provides approximately 50% of the NADPH for fatty acid synthesis from 
glucose in rat adipose tissue (Flatt and Ball, 1954; Rognstad and Katz, 
1966; Flatt, 1970b). 
Diagram 3. Pathways of NADPH formation for fatty acid synthesis 
cytopiasm mi  tochondr l  a  
NAD NADH 
GLUCOSE PYRUVATE PYRUVATE 
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In ruminant adipose tissue, where glucose does not normally supply 
carbon for fatty acid synthesis, the supply of cytoplasmic NAIB from 
glycolysis should be minor, and no need for a "malate cycle" should exist. 
Not surprisingly, "malic enzyme" activity in ruminant adipose tissue was 
usually so low that it, like citrate-cleavage enzyme, was considered to be 
insignificant (Ballard et , 1969). Ballard et (1972) were able, 
however, to induce measurable activity when sufficient glucose was avail­
able to the tissue. 
The other major pathway of generating NADPH from glucose, the pentose 
phosphate pathway, was shown operative in ruminant adipose tissue by Hanson 
and Ballard (1967) and seemed the major source of NADPH for fatty acid 
synthesis in this tissue. Another alternative is that of cytoplasmic 
NADP-isocitrate dehydrogenase (EC 1.1.1.42). Bauman, Brown and Davis 
(1970) have suggested that this enzyme may contribute to fatty acid 
synthesis in bovine mammary glands, and they proposed a scheme where ace­
tate carbon could be oxidized to provide the reducing equivalents needed 
for fatty acid synthesis. This group has recently suggested that this 
pathway is also operating in ruminant adipose tissue (Ingle, Bauman and 
Garrigus, 1972a). Others (Hanson et al., 1971) have suggested that this 
pathway allows fatty acid synthesis to proceed when pyruvate is the carbon 
source in rat adipose tissue incubated ^  vitro. 
Regulation Regulation of fatty acid synthesis, like other 
physiological processes, can result from: amount and conformation of the 
enzymes that catalyze the reactions; availability of cofactors such as CoA 
and pyridine nucleotides; and by accessibility of the substances to the 
compartmentalized enzymes and cofactors. 
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Evidence suggests that acetyl-CoA carboxylase plays a regulatory role 
in fatty acid synthesis (Numa, Bortz and Lynen, 1965). It is an allosteric 
enzyme that is activated by di- and tri-carboxylic acids (expecially 
citrate, a precursor of fatty acid synthesis) and inhibited by long chain 
fatty acyl-CoA derivatives, end products of fatty acid synthesis (Moss and 
Lane, 1971). In addition, the tissue concentration of acetyl-CoA 
carboxylase varies in response to physiological changes that alter the 
rate of fatty acid synthesis (Gibson, Hicks and Allman, 1966). The 
increase in enzyme activity or amount of enzyme, such as that following 
realimentation, is attributed to new protein synthesis (Gibson et al., 
1966). Other enzymes, however, that fluctuate in response to nutritional 
and physiological state include enzymes involved in acetyl-CoA incorpora­
tion, citrate-cleavage enzyme and the fatty acid synthetase complex 
(Gibson ^  al., 1966; Leveille, 1970), and enzymes involved in NADPH 
generation, malic enzyme and those of the pentose phosphate pathway (Flatt, 
I970b; Leveille, 1970). Because of these relationships, measurements of 
the activities of one or more of these enzymes have often been used as 
parameters of lipogenic potential of tissue. But, since changes in the 
rate of fatty acid synthesis by isolated tissue precede changes in the 
activity of these enzymes, it is believed that increased enzyme activities 
result from increased flux through the pathways (Leveille, 1970). 
At the cofactor level, both the supply of NADPH and free CoA are 
important. As triglycerides are synthesized from the fatty acyl-CoA 
derivatives, free CoA is replenished. It has been suggested that carnitine 
and the activity of carnitine transferase may regulate lipogenesis 
(Marquis, Francesconi and Villee, 1968). Besides releasing free CoA, both 
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the action of carnitine and triglyceride synthesis remove the fatty acyl-
CoA inhibition of acetyl-CoA carboxylase. At one time, it was suggested 
that the ability of adipose tissue to reoxidize the NADH produced in 
catabolism of glucose to acetyl-CoA would limit the rate of fatty acid 
synthesis (Ball, 1966). More recently, Flatt (1970a,b) has proposed 
that the theoretical buildup of ATP during fat synthesis from glucose 
would limit the extent of the process. 
At the substrate level (besides level of substrate), hormones, 
especially insulin, provide an extracellular means of regulation of 
glucose entry into the adipocyte. 
Despite considerable interest, the regulation of fatty acid synthesis 
is not well understood. Several of the proposed regulatory mechanisms 
would not apply in ruminant adipose tissue because acetate, rather than 
glucose, is the major precursor. 
Assimilation of plasma glvcerides 
A second source of adipose fatty acids is blood triglycerides. 
Although fatty acids also are transported in the blood bound to albumin 
and referred to as free (FFA), unesterified (UFA) or nonesterified (NEFA), 
these are believed the transport form of fatty acids that are mobilized 
from adipose tissues and carried to other body tissues (Borgstrom, 1960; 
Robinson, 1970). Blood triglycerides are transported principally by 
chylomicrons and very low density lipoproteins (VLDL), with chylomicrons 
the transport vehicle of exogenous fat from intestinal absorption and 
VLDL the principle means of circulating endogenous fatty acids from the 
liver to adipose and other tissues (Borgstrom, 1960; Robinson, 1970). 
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The glyceride fatty acids of both chylomicrons and VLDL are rapidly 
removed from the circulation and have a half-life of only a few minutes 
(Robinson, 1970). Although some consideration has been given to a 
pinocytotic uptake of triglycerides by adipose tissue, evidence indicates 
that the removal process involves triglyceride hydrolysis by lipase action, 
followed by uptake of the liberated fatty acids (Robinson, 1970). 
Mechanism The lipase, which is considered responsible for regulat­
ing plasma glyceride hydrolysis, has been referred to as the "clearing 
factor lipase", "heparin-induced lipase" and, most preferred, "lipoprotein 
lipase" (Robinson, 1970; Scow e^^., 1972). Lipoprotein lipase (IPL) is 
thought to catalyze the initial hydrolysis of the triglyceride, but com­
plete hydrolysis may occur by the action of one or more additional lipases 
(Robinson, 1970) because there is evidence for a monoglyceride lipase 
(Greten, Levy and Fredrickson, 1969). Recently, Morley and Kuksis (1972) 
published evidence suggesting that LPL initiates triglyceride hydrolysis 
preferentially at position 1 of glycerol according to the stereospecific 
(sn) numbering system, which differentiates between position 1 and 3. 
They also suggested that hydrolysis at position 2 precedes hydrolysis at 
position 3. These authors further postulated that the intermediate di-
and mor.c-glycerides could not be reutilized for glyceride synthesis, thus 
insuring complete hydrolysis once initiated by LPL. 
The site of action of lipoprotein lipase is believed to be at the 
luminal surface of the capillary endothelial cells (Robinson, 1970; 
Schotz ^  al., 1969). It has also been suggested, however, that hydrolysis 
occurs within the capillary endothelial cells and in the subendothelial 
spaces near the pericytes (Scow ^  , 1972) . Rodbell (1964) has 
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reported LPL activity associated with isolated fat cells; the fat cell is 
probably the site of enzyme synthesis, and the enzyme then must be 
transferred to a receptor site at the luminal surface of the capillary 
wall (Robinson and Wing, 1970; Schotz ^  al., 1969). Activity of the 
enzyme in adipose and other tissues probably determines which extrahepatic 
tissues remove plasma glyceride fatty acids (Robinson and Wing, 1970). 
Regulation Lipoprotein lipase activity varies with the physiolog­
ical state of the animal, but in a reciprocal manner in adipose and energy 
utilizing tissues. Although the activity of LPL may be under hormonal 
control (Robinson and Wing, 1970), the regulatory mechanism that allows 
reciprocal changes of activity in different tissues is unclear. In a 
recent review concerned with adipose tissue LPL activity, Robinson and 
Wing (1970) discussed evidence that suggested that increased activity 
involved synthesis of new protein and other evidence that suggested two 
forms of the enzyme exist. In respect to the latter, they have suggested 
that the enzyme associated with the fat cell is a stable, precursor form, 
whereas that associated with the capillary wall is the rapidly turned over, 
but functional form. More recently, Garfinkel and Schotz (1972) reported 
two separate species of LPL and proposed the possibility of these being 
different proteins, with perhaps one being a constitutive enzyme and the 
other inducible. Robinson and Wing (1970) also pointed out that endogenous 
tissue heparin may be a component of the active enzyme; thus, its avail­
ability at the receptor site could regulate activity. The idea of two 
locations with only one site of action suggests that activity could be 
regulated by a transport mechanism. Robinson's group (Robinson, 1970; 
Robinson and Wing, 1970) also has suggested that adenosine cyclic 
22 
3'S'-monophosphate (cAMP) concentration may regulate LPL activity. They 
have observed that cAMP and various hormones and drugs which increase or 
decrease cAMP concentrations affect LPL activity in an opposite manner as 
they affect the activity of the fat mobilizing lipase of adipose tissue. 
Thus, regulation of LPL activity could occur at the site of synthesis in 
the cell, at the transport stage or at the receptor site on the capillary 
wall. 
Glyceride synthesis 
Mechanism One pathway of triglyceride synthesis in adipose tissue 
is the a-glycerol phosphate pathway (Shapiro, 1965; Vaughan and Steinberg, 
1965; Marinetti, 1970). The enzyme reactions in this pathway are known in 
considerable detail, although their cellular locations are less certain. 
They have been reported most often in the microsomal, but they also occur 
in the mitochondrial fraction of tissue homogenates (Marinetti, 1970). 
In this pathway, fatty acids are first activated by acyl-CoA thiokinase 
(EC 6.2,1.30), an ATP-dependent activating system (fatty acid + CoA + 
ATP >- fatty acyl-CoA + AMP + PP^) . Two activated fatty acids are 
condensed with a-glycerol phosphate by a-glycerol phosphate acyltransfer­
ase (EC 2.3.1.15), or perhaps the action of two enzymes (Marinetti, 1970), 
to form phosphatidic acid (L-a-glycerol phosphate + fatty acyl-CoA mono-
acyl-glycerol phosphate + CoA; mono-acyl-glycerol phosphate + fatty 
acyl-CoA > L-a-phosphatidic acid + CoA) . The phosphate is cleaved 
from phosphatidic acid by phosphatidic acid phosphatase (EC 3.1.3.4) to 
form a diglyceride; a third fatty acid is condensed with the diglyceride 
to form a triglyceride (phosphatidic acid ^ diglyceride + P; 
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diglyceride + fatty acyl-CoA v triglyceride + CoA) . Triglyceride 
synthesis by this pathway in adipose tissue was believed to differ from 
that in liver because adipose tissue was considered unable to utilize 
glycerol for a-glycerol phosphate formation (Shapiro, 1965; Vaughan and 
Steinberg, 1965; Marinetti, 1970). 
The belief that adipose tissue was unable to incorporate free 
glycerol into glyceride glycerol was based on several reports. Wieland 
and Suyter (1957) were unable to measure any glycerol kinase (EC 2.7.1.30) 
in rat adipose tissue homogenates. Shapiro, Chowers and Rose (1957) found 
rat adipose tissue esterified ^^C-glycerol to a very small extent, and 
additions of glycerol caused no change in uptake and esterification of 
labeled fatty acids. Lynn, MacLeod and Brown (1960) reported glycerol-1-
was very poorly metabolized to triglyceride by adipose tissue frag­
ments. Another laboratory found glycerol could not replace a-glycerol 
phosphate for glyceride synthesis (Steinberg, Vaughan and Margolis, 1961) 
and was unable to detect glycerol kinase activity in adipose tissue 
homogenates (Margolis and Vaughan, 1962). Cahill, Leboeuf and Renold 
(1960), however, have reported that glycerol-l,3-^^C was incorporated 
into glyceride glycerol at 15% of the rate of glucose-U-^^C, and another 
group (Lochaya, Hamilton and Mayer, 1963; Treble and Mayer, 1963) pre­
sented evidence suggesting the presence of glycerol kinase in mouse adi­
pose tissue. More recently, Robinson and Newsholme (1967), using a more 
sensitive method, demonstrated the presence of glycerol kinase in rat 
adipose homogenates and 27,000 x g supematants. Others have demonstrated 
activity in 100,000 x g supernatant of homogenized mouse fat cells 
(Koschinsky, Cries and Herberg, 1971). Hubbard, Voorheis and Therriault 
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(1970) have recently demonstrated that glycerol-2-^^C is incorporated into 
glyceride by isolated fat cells from rats, but the physiological importance 
of glycerol kinase for adipose glyceride synthesis is still uncertain. 
A second pathway of triglyceride synthesis, the monoglyceride pathway, 
was not considered important in adipose tissue (Shapiro, 1965; Vaughan and 
Steinberg, 1965; Marinetti, 1970). Others (Steinberg et al., 1961; Roncari 
and Hollenberg, 1967) have failed to demonstrate glyceride synthesis when 
a-monoolein or a-monopalmitin replaced a-glycerol phosphate. Schultz and 
Johnston (1971), however, recently demonstrated the monoglyceride pathway 
in subcellular fractions and whole cell preparations of hamster adipose 
tissue. These workers were able to demonstrate this pathway by using a 
2-monoether analogue of 2-monoolein that apparently serves as an acyl 
acceptor for esterification but is not hydrolyzed by the lipases present. 
These authors suggested that the failure of earlier attempts to identify 
this pathway was because of action of a monoglyceride lipase, reported by 
Vaughan, Berger and Steinberg (1964) in homogenates of rat adipose tissue. 
Schultz and Johnston (1971) found the greatest activity of the monoglycer­
ide pathway in the microsomal fraction and reported its magnitude in whole 
cells similar to that of the a-glycerolphosphate pathway. 
Regulation The physiological importance of the monoglyceride 
pathway and the presence of glycerol kinase in the regulation of glyceride 
synthesis remains to be determined. Because most discussions of the 
regulation of glyceride synthesis (Vaughan and Steinberg, 1965; Leboeuf, 
1965; Denton and Martin, 1970; Marinetti, 1970) assumed that all glycer-
ides were synthesized via the a-glycerol phosphate pathway, much emphasis 
has been directed toward the availability of fatty acyl-CoA and especially 
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a-glycerol phosphate. Because glycerol kinase was not believed to generate 
glycerol phosphate in adipose tissue, the rate of glycolysis was assumed 
important in supplying a-glycerol phosphate (Vaughan and Steinberg, 1965). 
Recently, a pathway of "glyceroneogenesis" has been proposed (Reshef, 
Hanson and Ballard, 1970; Reshef et , 1972) by which a-glycerol phos­
phate can be formed from pyruvate, lactate or amino acids. It is 
suggested this pathway controls excessive mobilization of free fatty 
acids during periods of rapid triglyceride breakdown- Denton and Martin 
(1970) have concluded that concentrations of a-glycerol phosphate and 
fatty acyl-CoA are not the determinants in regulating glyceride synthesis 
and have suggested that additional, but yet unrecognized, factors regulate 
this pathway. 
Adipose glyceride hydrolysis . 
A fourth process, which affects lipid accumulation in adipose tissue, 
is hydrolysis of stored glycerides. Although earlier studies led to a 
growing awareness that adipose tissue was metabolically active and had the 
ability to mobilize fat (Wertheimer and Shapiro, 1948; Shapiro and 
Wertheimer, 1956), studies of adipose glyceride hydrolysis really began 
in 1956. At that time two groups (Dole, 1956; Gordon and Cherkes, 1956) 
observed that fasting or epinephrine injections caused elevated concentra­
tions of plasma free fatty acids (FFA), whereas carbohydrate feeding or 
insulin injections were followed by a drop in circulating FFA concentra­
tions in humans. A third group (Laurell, 1956) observed high plasma FFA 
concentrations during diabetic acidosis that decreased following insulin 
therapy; a fourth group (Spitzer and Miller, 1956) observed elevated 
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plasma FFA concentrations in fasting dogs. At that time, Gordon and 
Cherkes (1956) suggested that adipose tissue might be the source of 
plasma FFA, and the next year they demonstrated, in fasting humans, a 
net transport of FFA from adipose to other tissues (Gordon, Cherkes and 
Gates, 1957). These studies suggested the flow of FFA from adipose 
tissue in vivo was dependent upon the state of carbohydrate metabolism 
and led to further studies of the mechanism by which adipose tissue 
releases FFA. 
Mechanism Several laboratories reported that rat adipose sections 
incubated vitro in heparinized plasma or suitable physiological buffers 
released FFA into the medium. In these early studies, addition of ACTH 
(White and Engel, 1958b) or epinephrine (White and Engel, 1958a; Gordon 
and Cherkes, 1958) increased FFA production, and the presence of insulin 
plus glucose decreased FFA production (Gordon and Cherkes, 1958). Adipose 
tissue from fasted rats liberated more FFA than did tissue from fed rats 
(Reshef, Shafrir and Shapiro, 1958) or rats receiving 10% glucose in their 
water (Gordon and Cherkes, 1958). The quantity of FFA released into the 
medium exceeded the amount initially present in the tissue (Reshef ^  , 
1958; White and Engel, 1958a,b). In these studies, FFA release was 
inhibited by anaerobic (No) conditions (White and Engel, 1958a,b), and 
albumin was obligatory for FFA release into physiological buffers (Reshef 
_e^ ^ ., 1958). These studies suggested that hormones, as well as 
physiological conditions, influence the hydrolysis of adipose triglycer­
ides in vitro and encouraged the search for a lipase (EC 3.1.1.3, glycerol 
ester hydrolase) that would regulate FFA release from adipose tissue. 
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Cherkes and Gordon (1959) presented evidence that suggested lipo­
protein lipase was not responsible for the release of stored fat 
because adipose tissues of fed rats were more active with respect to LPL 
liberation than those of fasted rats. This contrasts to the release of 
FFA from incubated tissue. Several laboratories have reported lipolytic 
activity in adipose tissue homogenates that differed from LPL in pH 
optimum and other characteristics (Rizack, 1961; Hollenberg, Raben and 
Astwood, 1961; Bjomtorp and Furman, 1962) . Rizack found lipolytic 
activity in the supernatant of rat adipose tissue homogenized in the 
presence of sucrose. This lipase activity differed from LPL activity in 
pH optimum, response to inhibitors, sensitivity to epinephrine and 
response to fasting. In his study, fat pads from fasted animals released 
fatty acids faster during incubation and yielded more lipolytic activity 
upon extraction than did fat pads from fed animals. Epinephrine additions 
to incubating fat pads from fed animals caused increased FFA release and 
elevated yields of lipolytic activity upon extraction. He also found 
higher lipolytic activity in extracts from fresh tissue than from incu­
bated tissue, but the extracts from incubated tissue contained an inactive 
lipase that could be activated by incubating the extracts with epinephrine 
plus either ATP or a portion cf the resuspended sediment from the initial 
centrifugation of the tissue homogenate. 
Rizack (1961) noted the similarity of lipase activation to the 
epinephrine activation of an enzyme system in liver glycogenolysis, where 
the hormone action was thought to be mediated by cyclic 3'5'-AMP 
regulation of enzymes involved in phosphorylase activity. Preliminary 
investigations indicated that cAI-fP was not involved in the adipose lipase 
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activation. Vaughan (1960) investigated adipose phosphorylase activity 
and found epinephrine, norepinephrine, ACTH, glucagon and seratonin addi­
tions to rat fat pads incubated in vitro enhanced phosphorylase activity. 
Insulin or cAMP had no effect. The author concluded that hormone-induced 
release of fatty acids was either indirectly related, or not related, to 
the hormone-stimulated phosphorylase activity. But in 1964, Rizack was 
able to restore the inactive lipolytic activity of cell-free extracts by 
incubation with cAMP together with ATP and rlg"*^. 
The next year. Butcher _e^ (1965) presented even more convincing 
evidence that cAMP was involved in the lipolytic effect of epinephrine and 
indicated that cAMP was the intracellular mediator of the hormone. Their 
studies showed: 1) epinephrine enhances the accumulation of cAMP in 
hùuiogenates of rat adipose tissue; 2) intracellular concentrations of cAMP 
increased rapidly after epinephrine additions to intact epididymal fat 
pads, and the increased intracellular levels of cAMP were correlated with 
increased lipolysis; and 3) an analogue of cAMP, N6-2*-0-dibutyryl cyclic 
3'5'-AMP (DcAMP) was effective in stimulating lipolysis in the intact fat 
pad and in isolated fat cells. Later, this group concluded that epine­
phrine, norepinephrine, ACTH, glucagon, thyroid stimulating hormone (TSH), 
lutenizing hormone (LH) and a synthetic catecholamine, isoproterenol, 
increased intracellular cA}iP levels in fat cells by stimulating adenyl 
cyclase, and caffeine acted synergistically with these hormones to further 
elevate cAMP levels by inhibiting cyclic nucleotide phosphodiesterase, 
the enzyme involved in degradation of cAMP to AMP (Butcher, Baird and 
Sutherland, 1968). They also tested three compounds with antilipolytic 
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activity, insulin, a S-adrenergic blocking agent and nicotinic acid and 
found all three decreased cAMP levels in the presence of epinephrine. 
Because of the knowledge of the action of cAMP in other systems, it 
seemed likely that the mechanism by which cAMP scLivated a lipase in 
adipose tissue would involve phosphorylation of the lipase or another 
enzyme. In 1969, Kuo and Greengard reported the presence of a protein 
kinase in adipose tissue, and Corbin and Krebs reported partial purifica­
tion of a protein kinase from rat epididymal fat pads and isolated fat 
cells. Although Corbin and Krebs (1969) were unsuccessful in purifying 
the enzyme from fat, they showed that a purified protein kinase from rabbit 
skeletal muscle would enhance lipolysis in an adipose tissue homogenate 
when used with cAMP and ATP (Corbin _e^ , 1970). Huttunen, Steinberg 
and Mayer (1970b) also reported enhanced lipolytic activity upon addition 
of rabbit muscle protein kinase (the phosphorylase b kinase kinase) with 
ATP, Mg ' and cAMP to a partially purified hormone-sensitive lipase 
preparation from rat epididymal fat. They purified the enzyme further and 
reported that the a-phosphate from AT^^P was transferred to the lipase 
(Huttunen et al^. , 1970c) . Their results indicated the lipase was activated 
by phosphorylation. 
Since the recognition that LPL is not the only lipase in adipose 
tissue, attempts have been made to purify and characterize the hormone-
sensitive lipase. Gorin and Shafrir (1964) tested the lipolytic activity 
of fractions obtained from 15 minute, 12,000 x g centrifugation of 0.25M 
sucrose homogenates of adipose tissue and found over 90% of the triglycer­
ide lipase in the fat-poor fraction; about two-thirds of this was in the 
supernatant, with most of the remainder in the microsomal fraction. 
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Optimal triglyceride cleavage occurred at pH 6.8-7.0 while mono- and 
diglycerides were hydrolyzed at 3-5 times the rate of triglycerides and 
at a more alkaline pH optimum. Another group (Vaughan _et _al., 1964; 
Strand, Vaughan and Steinberg, 1964) found most of the lipolytic activity 
in the floating fat after 30 minute, 15,000 x g centrifugation of 0.15M 
KCl homogenates; however, they also found that monoglycerides and 
diglycerides were cleaved at 5-10 times the rate of triglycerides and at 
a more alkaline pH optimum than that of triglyceride cleavage. In these 
studies, the triglyceride lipase activity was enhanced, with no influence 
upon mono- and diglyceride lipolytic activity, by prior incubation of 
tissue with epinephrine. These findings have led to the belief that two 
or more lipases are involved in glyceride degradation, that a hormone-
sensitive lipase initiates glyceride hydrolysis and that this initiation 
is the rate-limiting step for adipose glyceride hydrolysis. 
Purification of hormone-sensitive lipase has been difficult because 
the enzyme apparently adheres to the fat upon homogenization. Strand 
_et ^1. (1964) attempted to purify the enzyme from the fat layer formed 
upon centrifugation by extracting the lipid layer with ether. Upon 
extraction they recovered about 25% of the original lipolytic activity 
in an insoluble sediment. Tsai, Belfrage and Vaughan (1970) attempted 
to purify the enzyme from the 15,000 x g supernatant fraction, even though 
the major portion of the activity was present in the fat cake. They 
extracted the lipid from the supernatant with benzene. Most of the 
lipolytic activity was precipitated by ammonium sulfate fractionation 
(15-40%), which increased the specific activity of the lipase 3-fold over 
that in the benzene-extracted supernatant. The same year, Huttunen, 
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Aquino and Steinberg (1970a) reported purification of the hormone-sensitive 
lipase from the supernatant fraction. Their procedure, which used a 
105,000 X g - 45 minute supernatant of 0.25M sucrose homogenate, resulted 
in an increase in specific activity of over 100-fold. The final material 
seemed homogeneous and was 48% protein, 45% phospholipid and 6% cholesterol. 
This suggested that the enzyme exists as a high molecular weight lipopro­
tein particle. 
After hydrolysis of adipose glycerides, the FFA and glycerol products 
are free to leave the adipocyte. Glycerol diffuses easier than FFA and 
is believed to pass nearly quantitatively into the incubation medium 
(Jungas and Ball, 1963). Although FFA are free to leave the cell, little 
is known about the mechanism of transport across the cell membrane. The 
presence of albumin in the incubation medium is essential to allow FFA 
egress during vitro incubation (Reshef et a2., 1958; Vaughan and 
Steinberg, 1965). Albumin is considered to be the carrier of FFA in the 
circulation vivo (Goodman, 1958). There is an intracellular pool of 
FFA, perhaps bound to cytoplasmic constitutents (Angel, Desai and Halperin, 
1971), which, in addition to providing FFA for mobilization from the cell, 
is available for reesterification (Steinberg and Vaughan, 1965; Carlson 
and Bally, 1965). It seems likely that under conditions when FFA trans­
port from adipose tissue is restricted, a greater portion of FFA would be 
reesterified (Hubbard and Matthew, 1971b). 
Knowledge of the possibility of reesterification of the FFA released 
by lipolysis, together with the belief that glycerol is formed exclusively 
from triglycerides and is not metabolized to any significant extent by 
adipose tissue (Shapiro e£ ^ 1., 1957; Cahill e^ , 1960; Lynn ^  , 
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1960) led Vaughan (1962) to propose that the release of glycerol, rather 
than FFA, would most correctly estimate the lipolytic rate of adipose 
tissue. She further proposed that the rate of reesterification could be 
calculated from the ratio of ïTA to glycerol when release of both was 
measured. The recent recognition of low levels of glycerol kinase in 
adipose tissue as a result of more sensitive assay techniques has not 
diminished the use of glycerol release as a lipolytic measurement. 
Regulation The rate of adipose glyceride hydrolysis is probably 
regulated by the activity of a triglyceride lipase, the so-called hormone-
sensitive lipase. The proposed mechanism for increasing the activity of 
this lipase involves increased intracellular cAMP levels, followed by an 
enzymatic phosphorylation, perhaps of an inactive form of the lipase 
itself (Diagram 4). This proposed scheme for changing the level of an 
active enzyme is similar to the well-characterized system regulating 
glycogen metabolism, where the activity of glycogen synthetase is decreased 
and that of glycogen phosphorylase is increased by cAMP-triggered phos­
phorylations. As illustrated in Diagram 4, many physiological effectors 
influence the concentration of cAMP and thereby the activity of the 
hormone-sensitive lipase (Fain, 1967; Butcher and Sutherland, 1967). 
Concentration of cAMP depends on the relative activities of adenyl cyclase 
and phosphodiesterase, the enzymes involved in synthesis and degradation 
of cyclic AMP. 
Adenyl cyclase is located on the plasma membrane of fat cells 
(Rodbell, 1967) and may consist of two or more subunits (Robison, Butcher 
and Sutherland, 1967). Robison et al. (1967) proposed a model (incorpo­
rated into Diagram 4) with one subunit, the regulator, facing the 
Diagram 4. Regulation of adipose glyceride hydrolysis (adapted from 
Butcher, 1970) 
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extracellular space and a second, catalytic subunit, in contact with the 
cytoplasm. At the same time, they suggested that the "beta-adrenergic 
receptor" is, or is part of, the adenyl cyclase system. [See Robison, 
Dobbs and Sutherland, 1970, for further discussion of this concept, 
including the idea that the "ct-adrenergic receptors" are also associated 
with adenyl cyclase. The beta-receptors supposedly stimulate cAMP forma­
tion, while a-receptors inhibit or decrease cAMP concentrations.] Weiss 
(1970) pointed out that two general mechanisms for regulating adenyl 
cyclase activity exist: the acute activation of the enzyme and chronic 
alteration of its synthesis (or degradation). In the first category are 
the catecholamines, other biogenic amines, glucagon, secretin and several 
pituitary peptide hormones, as well as the immediate chemical environment, 
especially ion concentration, including pH (with a possible relationship 
between hormone action and ions (Hales and Perry, 1970; Clausen, 1970; 
Mosinger, 1970; Fassina, Dorigo and Maragno, 1970). Chronic regulation 
of adenyl cyclase activity involves environmental conditions, diurnal and 
seasonal fluctuations, neuronal activity and hormonal state (Weiss, 1970). 
Although the mechanism(s) by which growth hormone, glucocorticoids and 
thyroid hormones potentiate the lipolytic response of adipose tissue to 
other lipolytic agents is not well understood and there is net complete 
agreement as to involvement of adenyl cyclase in this response, they may 
involve chronic regulation of adenyl cyclase. 
Growth hormone has been known to have lipolytic properties _in vivo, 
but early in vitro attempts failed to show any effect. Fain, Kovacev and 
Scow (1965) reported that growth hormone and dexamethasone together, but 
not separately, markedly increased fatty acid release, even in the absence 
36 
of added lipolytic agents. This response occurred after a two hour lag 
and could be blocked by inhibition of either MA or protein synthesis. 
Since then, it has been learned that growth hormone alone will increase 
the lipolytic response to other lipolytic agents but is not as effective 
as growth hormone plus glucocorticoid. Additional experiments have shown 
that these hormones together cause an increase in the concentration of 
cAMP in response to lipolytic agents and suggest that the effect of growth 
hormone plus glucocorticoid is on formation rather than degradation of 
cAMP (Fain and Saperstein, 1970). 
Like growth hormone, thyroid hormones affect lipid mobilization in 
vivo, and the thyroid status of an animal affects the response of adipose 
tissue to lipolytic agents vitro. Brodie _et (1966) suggested that 
treatment of animals with thyroid hormone induced the formation of 
additional adenyl cyclase. It was soon learned that preincubation of 
adipocytes with thyroid hormones increased the response to lipolytic 
agents. But, because this effect was not blocked by inhibitors of protein 
synthesis, it was suggested that thyroid hormones increase the sensitivity 
of adenyl cyclase to the stimulator}' action of lipolytic agents (Challoner 
and Allen, 1970). Caldwell and Fain (1971) reported that, in addition to 
increased sensitivity to lipolytic hormones, fat cells preincubated with 
thyroid hormones exhibited increased sensitivity to DcAMP. This suggested 
that thyroid hormones may play a role beyond the adenyl cyclase step in 
augmenting linolysis. Although thyroid hormones might act by reducing or 
inhibiting phosphodiesterase activity, there is evidence to dispute this 
idea (Caldwell and Fain, 1971). 
With suitable in vitro conditions, enhancement of lipolysis by 
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glucocorticoids can be shown. Adipose tissue from hypophysectomized rats 
exhibit decreased sensitivity to epinephrine, a lower maximal rate of 
glycerol production and increased reesterification of FFA. By preincubat-
ing such tissue with dexamethasone for three hours, Goodman (1970a) found 
enhanced glycerol production in response to epinephrine. Because this 
response could be blocked with actinomycin D and because of the lag period 
the effect appears to require protein synthesis. 
Phosphodiesterase, the enzyme responsible for degradation of cAMP, 
was formerly believed present in the cytoplasm of the cell. Recent evi­
dence suggests two forms exist with different binding constants for cAMP. 
The high-affinity cAMP phosphodiesterase is membrane-bound and apparently 
operates in conjunction with adenyl cyclase to regulate cAMP levels, and 
the other, a higher molecular weight enzyme, probably acts upon cyclic 
GMP ig. vivo (Thompson and Appleman, 1971). Several methyl xanthine deriv­
atives (theophylline, caffeine, etc.) inhibit the activity of phosphodi­
esterase, increase cAMP levels and elevate lipolysis (Beavo ^  _al., 1971)-
Although the lipolytic action of several hormones has been linked to this 
enzyme, there is little _in vitro validation of hormone interaction with 
phosphodiesterase (Thompson and Appleman, 1971). 
Insulin reduces FFA release from adipose tissue incubated vitro 
(Gordon and Cherkes, 1958). Because this effect was demonstrated in the 
presence of glucose, it was suggested that insulin increased reesterifi­
cation as a consequence of increased a-glycerol phosphate concentration 
resulting from increased glucose uptake. Jungas and Ball (1963), however, 
observed that insulin caused decreased glycerol release from adipose 
tissue in the absence of glucose. Therefore, insulin apparently has an 
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inhibitory action on the lipolytic process itself. It was shown that 
insulin caused a decrease in the intracellular cAMP levels, although the 
mechanism of insulin action still remains unknown (Butcher, 1970). 
Data of some researchers suggest that insulin acts by inhibiting adenyl 
cyclase (Hepp and Renner, 1972); those of others suggest that insulin 
increases the activity of cAMP phosphodiesterase in the cell membrane 
(Vaughan, 1972), Fain and Rosenberg (1972) suggest that the antilipolytic 
action may be unrelated to cAMP accumulation. 
Prostaglandin also antagonizes the effect of lipolytic hormones, 
apparently by reducing the level of cAMP. As with insulin, it is unclear 
whether prostaglandins decrease adenyl cyclase activity, increase 
phosphodiesterase activity or act in some other manner. One proposal 
suggests that prostaglandin interferes with the binding of ATP to 
adenyl cyclase (Butcher, 1970; Westerman and Stock, 1970). 
Nicotinic acid and many other compounds also inhibit lipolysis 
(Carlson and Bally, 1965; Himms-Hagen, 1970). Like insulin and prostag­
landins, nicotinic acid will suppress the increased cAMP levels caused 
by lipolytic agents (Butcher et al., 1968); again, the mechanism is 
unknown (Skidmore, Schonhbfer and Kritchevsky, 1971). 
Recently, Sutherland's group (Ho and Sutherland, 1971) found a 
hormone antagonist produced in fat cells incubated with a variety of 
lipolytic hormones. This antagonist prevented the lipolytic action of 
hormones and of dibutyryl cAMP. They suggested the antagonist might be 
involved in a negative feedback loop acting to moderate the hormone 
response. 
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To this point, the discussion of regulation of the hormone-sensitive 
lipase has dealt with activation of the lipase. Because this enzyme is 
thought to exist in a dynamic equilibrium between the active and inactive 
form, a mechanism for inactivation of the active lipase probably exists 
(Vaughan e^ al^., 1964). The rapid decline in the lipolytic rate of 
adipose homogenates (Vaughan e^ al., 1965) and intact fat pads following 
withdrawal of lipolytic hormone (Bjorntorp, 1966) suggested that some 
deactivation system was operating. Recently, Huttunen et al., (1970d) 
suggested a deactivating enzyme was involved in the decline in lipase 
activity, and later, Huttunen and Steinberg (1971) speculated on the 
involvement of a lipase phosphatase. Jungas (1970) discussed the proba­
bility that during fasting the deactivation system undergoes gradual decay 
because the lipolytic activity of adipose tissue from fasted animals does 
not decline as it does in tissue from fed animals. 
Adipose glyceride hydrolysis also could be influenced by factors 
other than the amount of active hormone-sensitive lipase. The lipase is 
apparently inhibited by high intracellular FFA levels because limiting 
the amount of YEA acceptor in incubation media will depress lipolysis 
(Rodbell, 1965a; Hubbard and Matthew, 1971b). Substrate availability is 
important in the regulation of most processes, but little is known con­
cerning the form of the triglyceride substrate. Himms-Hagen (1970) 
discussed the possibility that an emulsified form of triglyceride might 
be the substrate for the lipase, and possibly liberation of a suitable 
substrate could be involved in regulation of glyceride breakdown. 
In summary, many factors are capable of regulating glyceride break­
down. Under physiological conditions, the secretions of the pituitary 
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and, consequently, the secretions of the thyroid and adrenal glands 
plus the level of insulin likely regulate slow changes in lipolytic rate, 
such as those between meals, during fasting and cold adaptation. The 
rapid changes in lipolysis which occur upon stress or exercise are 
probably brought about by the sympathetic nervous system (Goodman, 1970b; 
Fredholm, 1970). 
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SECTION 1. 
ACTIVITIES OF NADP DEHYDROGENASES IN BOVINE ADIPOSE 
TISSUE: INFLUENCES OF ADIPOSE SITE AND SIZE, 
NUTRITION AND GENETICS (AND SEX) OF THE ANIMAL 
Introduction 
The optimum amount of fat on meat animal carcasses changes with con­
sumer preferences. At present, intramuscular fat and a small amount of 
subcutaneous fat are considered desirable, whereas excess subcutaneous, 
intermuscular, perirenal and pelvic fat reduce the yield of the carcass. 
This excess carcass fat, together with omental and mesenteric fat, 
represents inefficient feed utilization (Allen, 1969). In cattle, the 
extent and pattern of fat accumulation are related to several factors, 
including age, sex, nutrition and genetics (Hedrick, 1968; Berg and 
Butterfield, 1958; Waldman, Tyler and Brungardt, 1971; Hooven et al., 
1972; Bond ^  _al., 1972). The effect of genetics is often most apparent 
between breeds, because a relatively greater percentage of the fat is 
accumulated externally by animals of the British beef breeds and 
internally by animals of the dairy breeds (Callow, 1961; Henderson, 1969). 
Because excess fat is located in adipose tissues and these tissues carry 
out several metabolic processes in fat storage (Baldwin and Smith, 1971), 
a relationship should exist between adipose tissue metabolism and fat 
accumulation in a particular adipose tissue. 
Bovine adipose tissue is capable of fatty acid synthesis (Hanson 
and Ballard, 1967). This is one aspect of adipose tissue metabolism that 
could be expected to influence fat accumulation. Synthesis of fatty 
acids requires NADPH and because in vitro NADP dehydrogenase activities 
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reflect in vivo lipogenic rates, measurement of NADP dehydrogenase 
activities has been used to estimate the potential for fatty acid 
synthesis. In those animals that synthesize fat from glucose, NADPH is 
supplied by malic enzyme (NADP-malate dehydrogenase, EC 1.1.1.40) and 
two dehydrogenases of the hexose monophosphate pathway (glucose-6-
phosphate dehydrogenase, EC 1.1.1.49 and 6-phosphogluconate dehydrogenase 
EC 1.1.1.44) (Flatt, 1970a). In ruminant tissue, where acetate is the 
likely precursor for fat synthesis, the importance of malic enzyme is 
questionable (Ballard _et , 1969). A fourth enzyme, NADP-isocitrate 
dehydrogenase (EC 1.1.1.42) may supply a portion of the NADPH for 
ruminant fatty acid synthesis (Bauman et^ al., 1970; Ingle ^  al., 1972a). 
This study is an attempt to relate the activity of NADP dehydroge­
nases to the extent of fat accumulation in the bovine. Additional objec­
tives include comparison of seven tissue sites and three dehydrogenase 
systems for NADPH generating potential. The activity of glucose-6-
phosphate, NADP-malate and NADP-isocitrate dehydrogenases were measured 
in adipose tissue extracts from seven adipose sites sampled from 15 
animals that differed in breed (and sex), size and level of nutrition. 
Materials and Methods 
Animals 
Animal and carcass descriptions, where the information was available, 
are given by individual animal in Appendix Table 1 and by slaughter group 
in Table 1.1. Animals were partitioned into groups according to breed and 
size. Seven Holstein bulls that received a high-energy ration ad libitum 
were partitioned into two weight groups (D-523 and D-299). Five beef-bred 
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steers, of Hereford or Shorthorn breeding, that received a high-energy 
ration _ad libitum, and one Hereford steer of unknown origin and nutritional 
background made up the B-448 group. Two crossbred beef-bred steers that 
nursed their dams on pasture until they were fed alfalfa hay the last 2 
to 3 weeks before slaughter made up the B-240 group. 
Tissues 
Adipose tissue samples were removed shortly after slaughter from 
seven sites: 1) outer, and 2) inner layers of backfat, from over the loin 
of large animals and behind the shoulder of the five lighter animals; 3) 
tailhead; 4) outer, and 5) inner layers of brisket, under the skin and 
beneath a layer of muscle; 6) omental; and 7) oerirenal. Samples were 
placed in 0.25M sucrose at room temperature. Portions of the samples 
were homogenized with a Potter-Elvehjern tissue grinder, and the homogenates 
were centrifuged at 105,000 x g for 1 hour at 4 C. Each supernatant 
(cytosol) was filtered with glass wool to remove floating fat and was 
stored at -20 C until they were analyzed for enzyme activity and protein. 
No significant amount of activity was lost due to storage. 
Assays 
Enzyme activities measured were glucose-6-phosphate dehydrogenase 
(G6PDH) according to Romberg and Horecker (1955) , NADP-malate dehydroge­
nase (ME) and NADP-isocitrate dehydrogenase (IDH) both according to 
Ochoa (1955 a,b). Because these procedures were optimized for liver or 
heart tissue, the optimum conditions (pH and concentration of reagents) 
for assay of adipose cytosol were determined. The reagent concentrations 
in 3 ml final volume were: 1) for G6PDH, 50 ymole MgCl2, 125 pmole 
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glycylglycine (pH 7.6), 2.5 ymole NADP"^ and 2.5 ymole D-glucose-6-
phosphate; 2) for ME, 18 ymole >lnCl2, 125 ymole glycylglycine (pH 7.4), 
0.2 ymole NADP"^ and 1.0 ymole L-malate; and 3) for IDH, 3.6 ymole 
MnCl2, 125 ymole glycylglycine (pH 7.4), 1.0 ymole NADP"^ and 3.5 ymole 
Dl-isocitrate.^ The reactions (at 30 C) were followed by monitoring 
absorbance changes with time at 340 my in a Gilford Model 2000 recording 
spectrophotometer. The reaction rates were linear with time and enzyme 
concentration, and the substrate concentrations were nonlimiting. 
Aliquots of cytosol were preincubated for 1 to 2 minutes at 30 C 
before the assays were initiated by addition of substrate. This preincu­
bation was especially important with the G6PDH assay. NADPH formation 
was calculated from its extinction coefficient at 340 millimicrons. 
Protein was determined by the Lowry procedure as modified by Miller 
2 (1959). Bovine serum albumin (fraction V) was the standard. 
Statistics 
For each enzyme, analysis of variance was conducted using a split-
plot design. The animal group effect was tested against animals within 
groups. Group differences were tested by Duncan's New Multiple Range 
Test as modified by Kramer (1957) for unequal numbers per group. The 
tissue site effect was tested against the remainder, and orthogonal 
comparisons were made between tissue sites. 
^D-glucose-6-phosphate, DL-isocitrate and NADP were obtained from 
Sigma Chemical Co., Box 14508, St. Louis, Missouri; L-malate and 
glycylglycine were obtained from Calbiochem, Box 12087, San Diego, 
California. 
2 
Nutritional Biochemicals, 26201 Miles Road, Cleveland, Ohio. 
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Results and Discussion 
The specific activities (henceforth called activity) of the enzymes 
are given for animal groups by adipose tissue site in Table 1.2 and 
illustrated graphically in Figures 1.1, 1.2 and 1.3. Activities for 
tissues of individual animals are in Appendix Tables 2, 3 and 4. Mean 
squares from the analysis of variance are in Table 1.3 with tissue site 
differences indicated. Least squares means of enzyme activities are 
given for animal groups and adipose tissue sites in Table 1.4 with animal 
group differences indicated. In this section the animal groups and 
enzymes will be referred to by the abbreviations already introduced. 
Glucose-6-phosphate dehydrogenase 
With few exceptions, G6PDH activity differed markedly between animal 
groups at all adipose tissue sites examined (Figure 1.1). Activity of 
G6PDH in tissues from D-523 was greater than in tissues from all other 
groups. The B-448 had greater activity than did D-299 and B-240. Although 
D-299 seemed to have greater G6PDH activity than B-240, the difference was 
statistically insignificant (P>.05). In contrast to the activity in 
adipose tissues of the three groups of animals fed concentrates, the lew 
G6PDH activity in adipose tissues from B-240 (Figure 1.1), which were fed 
hay for several weeks prior to slaughter, probably reflects the ration 
fed. In agreement with this, Opstvedt, Baldwin and Ronning (1967) 
reported approximately a four-fold greater activity of G6PDH in abdominal 
adipose tissue of lactating dairy cows fed a 68% concentrate ration than 
in tissue from cows fed all hay. Young ^  al. (1959) demonstrated a six­
fold greater G6PIH activity in omental adipose tissue of grain-fed animals 
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compared to hay-fed animals. Martin ^  ^1. (1973), who fed sheep either 
all hay or a 90% concentrate ration for 2 weeks, found perirenal fat of 
concentrate-fed animals had eight times as much G6PIH activity. 
The lower G6PDH in adipose tissue of animals fed roughage rations 
could be caused by a lower energy intake. Buchanan-Smith and Homey 
(1972) fed concentrate (corn) and roughage (com silage) at isocaloric 
levels to Hereford steers and observed that G6PDH activity in perirenal 
adipose tissue was not affected by diet. But when similar rations were 
fed free-choice for 6 months, G6PDH was two to three times greater in 
adipose tissue of grain-fed animals (Buchanan-Smith, Usborne and Burgess, 
1972). 
Other evidence suggests that the difference in G6PDH between 
roughage- and concentrate-fed animals is caused by factors other than 
energy intake alone. Baldwin .e^ al. (1969) fed hay or concentrate rations 
at isocaloric levels to eight lactating Holsteins and found a four-fold 
greater G6PDH activity in abdominal adipose tissues of grain-fed cows 
after 4 weeks on the rations. Thus, at least in the lactating cow, the 
carbohydrate ingested influences G6PDH by means other than energy intake 
alone, perhaps by way of the volatile fatty acid pattern. 
The reason for the relatively low G6PDH activity in adipose tissues 
from D-299 is less readily apparent. These animals had very little fat 
accumulation and would not be expected to synthesize fat to any great 
extent. Howarth, Baldwin and Ronning (1968) have reported that perirenal 
fat from 3 to 6 month old Holstein calves had approximately one-ninth the 
G6PDH activity of perirenal fat from finished steers; however, their 
calves and steers were fed different rations. 
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The D-523 had significantly greater G6PDH activity than did B-448 in 
spite of much less fat accumulation by the D-523. This suggests that 
adipose tissue from the D-523 animals, which were gaining at nearly three 
times the rate of the B-448 animals, was synthesizing fatty acids at a 
greater rate than that from B-448. Romans and Chakrabarty (1971) have 
suggested that Holstein subcutaneous adipose tissue had greater lipogenic 
activity than adipose tissue from Angus cattle. They also reported that 
G6PI® activity of subcutaneous and perirenal adipose tissue declined as 
marbling increased. Both observations support the differences seen 
between groups D-523 and B-448. 
G6PDH activity differed between some of the adipose tissue sites as 
shown by the orthogonal comparisons listed in Table 1.3. Although not 
different from each other, the four subcutaneous sites (outer brisket, 
outer and inner layers of backfat, and tailhead) had greater G6PDH activ­
ity than the other three sites (inner brisket, omental and perirenal). 
Adipose tissue from deep in the brisket (inner) had lower G6PDH activity 
than did tissue from omental and perirenal, and perirenal had lower 
activity than did the omental. 
The high G6PDH activity in omental adipose tissue of the D-523 group 
may be biased because the edge of the omentum was sampled in at least one 
of these animals. That portion of the tissue might be expected to have 
greater lipogenic activity than the entire tissue if new tissue is formed 
at the edge during enlargement of the organ. The low activity found in 
inner brisket fat probably reflects adipose tissue function, because this 
tissue appeared to contain a greater proportion of connective tissue and 
may function more as a cushion than as an energy storage depot. 
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The difference in G6PDH activity between external and internal sites 
is supported by Buchanan-Smith. _et aL. (1972) , who found that subcutaneous 
adipose tissue from over the loin had approximately twice the activity of 
perirenal fat; activity of subcutaneous adipose tissue of the flank was 
intermediate to the other sites. On the other hand. Ingle et al. (1972a) 
reported no differences in G6PDH activities between sites in dairy calves 
(perirenal, omental and epididymal adipose tissues) or in growing lambs 
or mature sheep (perirenal, omental, rump, shoulder and subcutaneous 
abdominal adipose tissues). The similarity of G6PDH activity between 
sites in their study is in contrast to their measurement of in vivo 
(Ingle ^  al^. , 1972b) and in vitro (Ingle et al. , 1972a) lipogenesis 
from ^^C-acetate, which indicated that internal fat depots of young 
animals and subcutaneous sites from older animals were the most active 
sites. Anderson, Kauffman and Kastenschmidt (1972) found activity of 
G6PDH and other lipogenic enzymes in the pig differed between adipose 
tissue sites and concluded that areas where fat is readily deposited has 
higher enzyme activities. 
NADP-malate dehydrogenase 
Malic enzyme (ME) activities were generally 10% or less of G6DPH 
activities (Table 1.2), although the two enzymes exhibited a similar 
pattern (r=0,73 between G5PDH and ME) between animal groups and tissue 
sites (Figures 1.1 and 1.2). All animal groups differed in ME activity 
except for D-299 and B-240. The four subcutaneous sites were similar to 
each other but had greater ME activities than the other three sites. 
Departing from the G6PDH activity pattern, inner brisket ME activity 
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was greater than that in omental and perirenal, which were not different 
from each other. 
Feeding of concentrates has been shown to increase adipose tissue ME 
activity over the levels found in roughage-fed animals (Baldwin e^ , 
1969; Young e^ al., 1969; Ballard et al., 1972; Martin et al., 1973). 
The importance of ME in ruminant adipose tissue metabolism, however, is 
still uncertain. Lipogenesis in ruminants does not cause obligatory NADH 
production from glucose metabolism because acetate rather than glucose is 
the source of fatty acid carbon. Because acetate eliminates the need for 
a transhydrogenation cycle and because of low ME activity relative to 
G6PDH activity, ME has been considered to be unimportant in ruminant 
lipogenesis (Ballard _et , 1969). 
NADP-isocitrate dehydrogenase 
In contrast to the dramatic animal group differences observed in 
G6PDH and ME activities» similar IDH activities were found among animal 
groups (Figure 1.3). Although D-299 seemed to have lower IDH activity 
than the other three groups, animal groups were not significantly 
different (P>.05). With respect to adipose tissue sites, the greater 
IDH activity of inner backfat over outer backfat was the only significant 
difference (P<.05) among the orthogonal comparisons. IDH activities were 
poorly correlated with G6PDH (r=0.29) or ME (r=0.17) activities. 
Ingle (1972a) reported no difference in IDH activity between 
three adipose tissue sites of growing calves or between five adipose 
tissue sites of growing lambs and mature sheep. They did find growing 
lambs had twice the IDH activity of mature sheep. In a subsequent study. 
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Ingle et (1972c) observed no change in IDH activity of rump adipose 
tissue of three lambs fasted for 112 hours. Although Martin et (1973) 
found no change in IDH activity in perirenal fat of hay-fed lambs after a 
5-day fast, they did find decreased IDH activity in fat from concentrate-
fed lambs after a 5-day fast. They also observed that concentrate-fed 
lambs had greater IDH activity than hay-fed lambs both before fasting and 
after refeeding. 
Conclusions 
IIH probably plays a role in supplying NADPH for fatty acid synthesis 
in ruminant adipose tissue as proposed by Bauman et al. (1970) for bovine 
mammary gland, because acetate is incorporated into fatty acids in vitro 
in the absence of glucose (Hanson and Ballard, 1967; Ballard et al., 1972; 
Ingle et al., 1972a). It is more likely, however, that glucose oxidation 
by the hexose monophosphate pathway provides a major portion of the NADPH 
for fatty acid synthesis in ruminant adipose tissue from concentrate-fed 
animals that are depositing large amounts of fat. This conclusion is 
based on: 1) the three- to ten-fold greater incorporation of acetate 
carbon into fatty acids when glucose is added to the incubation media 
(Hanson and Ballard, 1967; Ballard eit ^. , 1972; Ingle et al., 1972a); 
2) the great adaptation of G6PDH to grain feeding (Opstvedt et , 1967; 
Young e^ al., 1969; Buchanan-Smith et al., 1972); and 3) the animal group 
differences in G6PDH activity observed in this study. This may be in 
contrast to adipose tissue of roughage-fed animals or lactating mammary 
gland of grain-fed dairy cows. Both groups, especially high producing 
dairy cows, would likely have limited glucose available, whereas animals 
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grown on high grain rations would likely have surplus propionate and 
glucose available. 
Summary 
NADP-dehydrogenase enzyme activities of bovine adipose tissues were 
measured to: 1) compare the lipogenic activity of adipose tissue from 15 
animals, comprising four groups, differing in rate of fat deposition and 
extent of fat accumulation; 2) compare the lipogenic potential of seven 
adipose tissue sites; and 3) evaluate three enzyme systems possibly 
involved in supplying NADPH for lipogenesis. Glucose-6-phosphate and 
NADP-malate dehydrogenase activities were highest in adipose tissue from 
the 523 kg Holstein bull group, followed by the 448 kg group of Shorthorn 
and Hereford steers and the 299 kg Holstein bull group, all of which 
received high concentrate rations ^  libitum. Activities of both glucose-
6-phosphate and NADP-malate dehydrogenases were extremely low in tissues 
of animals in the 240 kg beef-bred steer group that received a roughage 
ration prior to slaughter. NADP-malate dehydrogenase activity was 
consistently lower than glucose-6-phosphate dehydrogenase activity by 
approximately one order of magnitude, but the activity of these two 
enzymes was highly correlated. Glucose-6-phosphate dehydrogenase and 
malic enzyme activities were greater in external adipose tissues than in 
internal tissues. NADP-isocitrate dehydrogenase activities, although 
intermediate between glucose-6-phosphate and NADP-malate dehydrogenases, 
were similar in all animal groups and tissues. 
These observations suggest that: 1) the minimal amount of fat 
accumulation found on animals, such as the 523 kg Holstein bulls of this 
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study, is not the result of inability to synthesize fatty acids in the 
adipose tissue; 2) some differences in lipogenic capacity exist between 
adipose tissue sites; and 3) oxidation of glucose via the hexose mono­
phosphate pathway is an important source of NADPH in adipose tissue of 
fattening cattle fed high-grain rations. 
53 
TABLE 1.1. DESCRIPTION OF ANIMAL GROUPS USED FOR LIPOGENESIS STUDIES* 
Group b Slaughter Daily Carcass Dressing 
identification Breed Age Weight Baind weight® percent 
(#) (no./group) (days) (kg) (kg/day) (kg) (%) 
D-523 4 Holstein 393±3 523+14 1.42±.04 300+5 57.3+0.9 
B-448 6 Beef-bred 458±4 448±8 0.49±.08 273±10 60.5±1.2 
D-299 3 Holstein 299±21 — 154±8 51.4+0.9 
B-240 2 Beef-bred 240 —— 
^Values are mean ± S.E. 
The Holstein animals were bulls, the large beef-bred animals were 
Hereford or Shorthorn steers and the small beef-bred animals were cross­
bred steers. All except the small beef-bred steers were fed high energy 
rations ^  libitum. The small beef-bred steers were weaned 2 to 3 weeks 
before slaughter and were fed hay ad libitum between weaning and 
slaughter. 
^Live weights were recorded at time of slaughter. 
^Daily gains were calculated from 180 kg to slaughter weight gains 
for the large Holstein bulls and from 365 day to slaughter gains for the 
large beef-bred steers. 
^Carcass weights are hot carcass weights minus a 2% shrink. 
TABLE 1.2. NADP-DEHYDROGKNASE ACTIVITIES IN BOVINE ADIPOSE TISSUES^ 
Adipose tissue site 
Subcutaneous Other 
Animal Outer Outer Inner Inner 
group brisket backfat backfat Tailhead brisket Omental Perirenal 
- — - W 
Glucose-•6-phosphate dehydrogenase 
D-523 1.20+0.17 1.40+0.30 1.81+0.31 1.30 0.4210.12 2.12+0.64 0.78+0.10 
D-299 0.16+0.10 0.19+0.13 0.32 0.35+0.12 0.13+0.03 0.42±0.09 0.27+0.08 
B-448 0.64+0.08 0.63+0.06 0.64±0.06 0.58±0.12 0.25+0.06 0.36±0.06 0.27+0.05 
B-240 0.02 0.01 0.03 0.03 0.04 0.03 0.04 
NADP-malate dehvdroKenase 
D-523 .107±.033 .098+.022 .100±.020 .080 .060+.008 .096+.Oil .0361.011 
D-299 .011±.003 .007±.002 .013 .021±.002 .032±.009 .018 .0101.003 
B-448 .062±.010 .055±.006 .051±.007 .042±.001 .057+.005 .0301.008 .0201.006 
B-240 .008 .004 .002 .006 .012 .005 .005 
NADP-isocitrate dehydroaenase 
D-523 0.28±0.08 0.24±0.06 0.32±0.05 0.24 0.18±0.01 0.2810.13 0.3610.13 
D-299 0.06+0.02 0.11±0.06 0.16 0.15+0.08 0.19+0.09 0.14 0.3010.12 
B-448 0.25+0.02 0.25±0.05 0.28±0.03 0.26+0.07 0.24+0.03 0.26+0.03 0.2610.05 
B-240 0.10 0.13 0.26 0.25 0.26 0.20 0.32 
^Values are means of duplicate determinations ± S.E. (S.E. are reported where three or more 
were sampled.) 
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TABLE 1.3. ANALYSIS OF VARIANCE FOR NADP-DEHYDROGENASE 
ACTIVITIES IN SEVEN ADIPOSE TISSUE SITES 
Source of error 
Degrees Mean Mean Mean 
freedom square^ square square 
Animal group 3 
Animals/group (error A) 11 
Adipose tissue site 6 
Subcutaneous vs^. inner bris­
ket, omental and perirenal 
Inner and outer backfat vs. 
brisket and tailhead 
Inner backfat vs. 
outer backfat 
Outer brisket vs. 
tailhead 
Inner brisket vs. 
omental and perirenal 
Omental vs. 
perirenal 
Remainder 77 
——G6PDH— 
5.3702 
.0878 
.6144 
** 
** 
** 
ns 
ns 
ns 
** 
——ME—— 
.0203 
.0009 
.0018 
** 
** 
** 
ns 
ns 
ns 
* 
ns 
—IDH— 
.0396 ns 
.0587 
.0207 * 
ns 
ns 
* 
ns 
ns 
ns 
.1409 .0004 ,0080 
** and ns signify differences at P<.05, P<.01 and no difference 
at P>.05. 
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TABLE 1.4. LEAST SQUARES MEANS OF NADP-DEHYDROGENASE 
ACTIVITIES FOR ANIMAL GROUPS AND TISSUE SITES^ 
Variable 
NADPH-dehydrogenase 
G6PDH ME IBH 
Site 
ymole NADPH formed/(min x mg protein) 
Group 
D-523 
B-448 
D-299 
B-240 
1.30® 
0.48% 
0.27c 
O.O5C 
,083® 
.046% 
.016C 
.OO7C 
0 .26® 
0 .26® 
0.17® 
0 . 2 2 ®  
Outer brisket 
Inner brisket 
Outer backfat 
Inner backfat 
Tailhead 
Omental 
Perirenal 
0.55 
0.17 
0.59 
0.77 
0 . 6 0  
0. 68 
0.33 
.051 
.040 
.043 
.044 
.039 
.033 
.015 
0.19 
0.21 
0.19 
0 . 2 8  
0.21 
0.23 
0.29 
®'^'^Means in the same column under each heading with different 
superscripts are different as tested according to Kramer, 1957. All 
significant differences are at P<.01 except G6PDH between B-448 and D-299, 
which are at P<.05. Nonsignificant differences are at P>.05. 
Figure 1.1. Glucose-6-phosphate. dehydrogenase activity; effect of animal group 
and tissue site 
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Figure 1.2. NADP-malate dehydrogenase activity; effect of animal group 
and tissue site 
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Figure 1.3. NADP-isocitrate dehydrogenase activity; effect of animal group 
and tissue site 
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SECTION 2. 
SPONTANEOUS MD MAXIMA! RATES OF GLYCEROL RELEASE PROM 
BOVINE ADIPOSE TISSUES: INFLUENCES OF ADIPOSE SITE 
AND SIZE, NUTRITION AND GENETICS OF THE ANIMAL 
Introduction 
The extent and rate of fat accumulation by animals grown for meat 
production are affected by age, genetics and nutrition of the animals. 
Because metabolic processes affecting fat accumulation occur in adipose 
tissue, relationships possibly exist between adipose tissue metabolism 
and factors related to fat accumulation. Previous work suggests that 
adipose tissues from bovine animals that have accumulated relatively 
little fat have both potential to incorporate ^ ^C-acetate into fatty 
acids (A1 Shathir, 1971; Pothoven, unpublished data) and NADP-dehydrogenase 
enzyme activities (Section 1) to as great or an even greater extent than 
tissues from fatter animals. These observations suggest that limited fat 
accumulation is not a result of lower lipogenic capacity of adipose 
tissue. 
A second aspect of adipose tissue metabolism related to fat accumu­
lation is glyceride hydrolysis and fatty acid mobilization, initiated by 
a hormone-sensitive triglyceride lipase (Baldwin and Smith, 1971). Only 
limited data concerning lipolysis of bovine adipose tissue have appeared 
in the literature. Sidhu al. (1972) reported basal and potential 
(cyclic AMP-activated) hormone-sensitive lipase (HSL) activity of sub­
cutaneous adipose tissue homogenates. Both lipolytic rates increased as 
lambs grew from 8 to 32 weeks of age. This age effect was more pronounced 
in lambs of a fatter breed (Southdown vs^. Suffolk) , which suggests that 
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lipolysis increased with fatness in lambs. Comparison of HSL activities 
of lactating and nonlactating dairy cows indicated that adipose tissue 
from lactating cows had higher basal but lower HSL activity than tissue 
from nonlactating cows (Sidhu and Emery, 1972). 
This study was undertaken to determine if adipose tissue lipolysis 
is related to fat accumulation in the bovine. To achieve this goal, 
basal (spontaneous) and epinephrine-stimulated (maximal) rates of 
glycerol release were measured in adipose tissues from several loca­
tions from animals differing in genetics, plane of nutrition and size. 
Materials and Methods 
Animals and rations 
Animals used in this experiment were obtained from three sources. 
Twenty-one Holstein steers from the University Dairy Farm were 
slaughtered at selected weights to give three groups of six animals 
and one group of three. The animal groups, identified by mean weights 
as D-277, D-384, D-528 and D-367J:, are described in Table 2.1A. Animals 
and carcasses aif; described individually in Appendix Table 5. with the 
exception of the D-367F animals, which were fasted prior to slaughter, 
these animals received the ration described in Table 2.2A ad libitum. 
These steers were fed in groups, although not by slaughter weight 
group. 
Thirty Holstein steers, which were used in a 1,3-butanediol feeding 
experiment, are described by ration and weight groups in Table 2.IB and 
individually in Appendix Table 6. Within weight groups, BD-143, BD-312 
and BD-445, animals received rations that differed in concentrate/roughage 
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level and presence or absence of butanediol as indicated in Table 2.IB. 
All animals received their rations ^  libitum. 
Twenty steers of beef breeding are described by slaughter weight 
and nutrition groups in Table 2.1C and individually in Appendix Table 7. 
Weight groups, B-113, B-231, B-364, B-361R and B-503, are subdivided 
according to sire. These steers were from Hereford x Angus dams and 
either Angus or Charolais sires as indicated in Table 2.1C. Animals of 
the lightest weight group (B-113) nursed their dams until slaughtered. 
Other animals were weaned at approximately 6 months of age and fed the 
growing ration described in Table 2.2C approximately 2 months before 
they were individually penned and fed the finishing ration (Table 2.2C). 
These animals had free access to rations except the restricted-fed steers 
(B-361R), which were fed to gain at 67% the rate of paired _ad libitum fed 
steers. 
Tissues and assays 
Adipose tissue samples were dissected within an hour after slaughter, 
from one or more of six locations: tailhead, outer and inner layers of 
backfat, omentum, perirenal and intermuscular (seam fat in the hind leg). 
Tissue samples were immediately placed in 0.9% NaCl at 37-40 C. Tissue 
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sections (approximately 2 or 50 mg) were prepared and floated in 0.9% 
NaCl or Krebs-Singer solution at 37 C. These were then randomly dis­
tributed into the incubation flasks. The incubation medium for measuring 
basal lipolysis contained 60 mg bovine serum albumin^ and 3 mg glucose in 
^Albumin, bovine fraction V powder, fatty acid poor. Nutritional 
Biochemicals, 26201 Miles Road, Cleveland, Ohio. 
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3 ml Krebs-Ringer bicarbonate buffer. To measure maximal lipolysis this 
2 incubation medium was supplemented with 1.5 yg epinephrine and 0.3 mg 
ascorbic acid. The level of epinephrine was more than sufficient to 
stimulate maximal rates of lipolysis in this system. The flasks were 
gassed with 95% C02-5% O2, stoppered, and warmed to 37 C before addition 
of tissue sections. Duplicate or triplicate flasks were incubated with 
agitation for one hour at 37 C. Triplicate blanks (without tissue) also 
were incubated for both basal and stimulated mixtures. After 60 minutes, 
flasks were placed on ice to terminate the incubations. The media were 
separated and stored at -20 C; tissue sections were blotted and weighed. 
Release of glycerol into the medium was considered the indicator of 
lipolytic activity. Glycerol was measured in duplicate according to the 
enzymatic fluorometric method described by Laurell and Tibbling (1966). 
This is based upon: 1) conversion of glycerol to glycerol-1-phosphate by 
glycerol kinase (EC 2.7.1.30)^ and ATP^, and 2) conversion of glycerol-1-
phosphate to dihydroxyacetone phosphate by glycerol-1-phosphate dehydroge­
nase (EC 1.1.1.8)^ and NAEH"'^. The NADH, which is formed in proportion to 
the glycerol content of the sample, was determined fluorometrically with 
a Turner fluorometer (Model No. 110), using 760 (primary) and 2A + 48 
(secondary) filters. Glycerol standards in water (presence of albumin 
made no difference) were simultaneously assayed. The rate of release of 
L-epinephrine bitartrate, Sigma Chemical Co., Box 14508, St. Louis, 
Missouri. 
3 Boehringer Mannheim Corporation, 219 East 44th Street, New York, 
New York. 
4 Sigma Chemical Co., Box 14508, St. Louis, Missouri. 
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glycerol in the presence or absence of epinephrine was linear from 30 
minutes to 2 hours, but showed a lag phase during the first 5 to 15 
minutes when epinephrine was included. This lag could be prevented by 
preincubation of the tissue sections with the hormone or circumvented by 
measuring the difference in glycerol released between 30 and 90 minutes. 
Those portions of adipose tissue samples not used for incubations 
were frozen and stored at -20 C for later determination of soluble 
protein. The soluble protein concentration was determined as follows. 
One gram of thawed adipose tissue was homogenized in 5 ml of cold 0.01 N 
phosphate buffer, pH 7.5, with a Potter-Elvehjem tissue grinder. After 
centrifuging the homogenate at room temperature for 10 minutes at 200 x g 
the supernatant was decanted. Homogenization of the remaining pellet and 
centrifugation were repeated two more times. The combined supernatant 
solutions were centrifuged at 105,000 x g for 1 hour. This supernatant 
was then assayed for protein concentration by the Lowry procedure (Lowry 
et al., 1951). Bovine serum albumin (fraction V) was used as the protein 
standard. Protein concentration was expressed as yg protein per 100 mg 
of tissue (Table 2.5A and Appendix Table 13). 
Statistics 
Data from Holstein steers (groups D-277, D-384 and D-528 in one 
comparison and D-384 and D-367F in a second) were analyzed by analysis of 
variance using a split-plot design. Animal group differences were tested 
for linear and quadratic effects. Site differences were tested by 
Duncan's New Multiple Range Test (Steel and Torrie, 1960). Correlations 
between different lipolytic parameters were determined using the data 
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from these animals (fed) and tissues. Regressions of lipolytic parameters 
against body live weight were determined for all ad libitum fed Holstein 
steers and _ad libitum fed Angus- and Charolais-sired beef steers and were 
tested for similarity (Steel and Torrie, 1960). 
Results and Discussion 
In this section, adipose tissue sites and animal groups are compared 
according to the sources of animals, followed by comparisons between 
animals from different sources. In presenting the data, the basal rates 
of glycerol release from adipose tissues will be referred to as B, the 
rates of lipolysis following epinephrine stimulation as S, and the response 
above basal rates due to addition of epinephrine as S-B. Animal groups 
will be referred to by the abbreviations introduced in Materials and 
Methods. The tables and figures in this section present animal group 
means; all individual animal data are in the Appendix (Tables 8-15). 
Holstein steers, dairy farm 
Adipose tissues from five anatomical locations of 18 Holstein steers 
slaughtered in three weight groups were used to study the effects on in 
vitro lipolysis of adipose tissue site, animal size and method of express­
ing lipolytic activity. Basal (Tables 2.3A and 2.5B) and S (Tables 2.4A 
and 2.5C) for groups D-277, D-384 and D-528 are illustrated in Figure 2.1 
on a tissue weight basis and in Figure 2.2 on a soluble protein basis for 
group and site comparisons. Mean squares (Table 2.6) from the analysis of 
variance and least squares means (Table 2.7) of animal groups and tissue 
sites are presented with group and site statistical differences indicated. 
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Expressed on tissue weight (Figure 2.1), S declined in a linear 
fashion as animal size increased; S-B declined even more markedly and B 
differed bet\veen groups in a quadratic manner (Table 2.6A) . The latter is 
attributed co low 5 of ar.iraals in group D-384. Expression of glycerol 
release on a soluble protein basis (Figure 2.2) abolished the effect of 
animal size or. S and S-B, but resulted in greater group differences in B. 
The B of larger animals (D-528) was noticeably elevated. 
Adipose tissue sites differed in lipolytic rates; again the method of 
expressing Lhe data influenced the comparisons (Table 2.7A,B). Expressed 
on tissue basis, S of outer and inner backfat were similar to each 
other, but greater than that of the other three sites, l^hen expressed on 
soluble protein basis, S of inner backfat exceeded outer backfat, which 
was not different from intermuscular adipose tissue. The values for 
perirenal, omental and intermuscular adipose tissue were statistically 
similar, whether related to tissue weight or protein. The data suggest 
that site differences in S ware primarily a result of the response to 
epinephrine stimulation because site differences for S and S-B, expressed 
on either tissue mass or soluble protein, were essentially the same. The 
one exception was that fron-' tissue from the intermuscular site expressed 
on wAichL, •.••-.if'-, responded more (S-B) to epinephrine stimulation. 
This difference in response is partly due to lower B of this site because 
intermuscular was the only site to differ in B (tissue weight basis). On 
a protein basis, E of inner backfat and perirenal sites exceeded that of 
the other sites: hc/ever, there was a significant site by group interaction 
(Table 2.65). 
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Correlations (Table 2.8) between each of the lipolytic parameters 
were calculated with the data from these 18 animals and five tissue sites. 
The highest correlations were between S and S-B (r=0.97) for both methods 
of expressing data. This supports the suggestion made from the tissue 
site data that differences in S are primarily due to differences in 
response of the tissue to hormone stimulation. Correlations between the 
methods of expressing lipolysis, tissue mass or soluble protein were 0.59, 
0.56 and 0.64 for B, S and S-B, respectively. These lower correlations 
may reflect the significant (P<.05) site by group interaction (Table 2.5A) 
of protein concentration of adipose tissues from these animals. 
In much of the adipose tissue lipolysis research, free fatty acid or 
glycerol release has been related to tissue or triglyceride mass. When 
expressed in this manner, the lipolytic response to hormone stimulation 
declines with increasing age, body weight and fat stores (Benjamin et al. , 
1961; Hartman e^ , 1971; Hubbard and Matthew, 1971a; Nakano, Gin and 
Ishi, 1971). Much of fat accumulation beyond a certain age is the result 
of fat cell enlargement (Hirsch and Han, 1969). Since various metabolic 
processes are influenced by cell size, the relationship between adipose 
cellularity and lipolysis has been the subject of several recent studies. 
Thus i Hartman et al. (1971) and Hubbard and Matthew (1971a) concluded that 
hormone stimulated lipolysis is constant per cell number. However, Zinder 
and Shapiro (1971) and Jacobsson and Smith (1972) reported hormone-
stimulated lipolytic rates increased as a function of cell surface area. 
This increase was not sufficient to offset the increase in triglyceride 
mass. These and other studies have established the concept that the 
decline in lipolysis observed during growth and fat accumulation is the 
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result of fat cell enlargement, with fewer cells in a given mass of tissue, 
rather than a decline in lipolytic activity of the individual cells. 
Although no measurement of cellularity was made on adipose tissues 
in these studies, soluble protein may be related to adipose cell number. 
Salans and Dougherty (1971) have observed that fat cell protein content is 
relatively constant over a wide range of fat cell sizes. Hill, Hirsch and 
Cheek (1972) reported that noncollagen protein of adipose tissue was quite 
highly correlated (r=0.70) with fat cell number. Anderson, Kauffman and 
Kastenschmidt (1972) reported a correlation of 0.77 between cell number 
and soluble protein. Thus, it is assumed that the soluble protein concen­
trations obtained in these studies are indicative of cell number. 
Based on this assumption, the decline in protein concentration (Table 
2.5A and Appendix Table 13) as animals grew and fat stores enlarged 
suggests that cell numbers/tissue mass declined, probably due to cell 
enlargement. Extending this assumption, the similar S (based on protein. 
Figure 2.2) between animal groups of different sizes and degree of fatness 
suggests that maximal lipolysis in the bovine is related to fat cell 
number as has been reported for other species (Hartman et al., 1971; 
Hubbard and Matthew, 1971a). The elevated B (Figure 2.2) found in larger, 
fatter steers suggests basal lipolysis (per cell) in the bovine increases 
with fatness similar to observations with lambs (Sidhu et al., 1972). 
On the other hand, tissue site differences in S (based on protein) 
suggest that maximal lipolysis is not proportional to cell number. It 
seems likely that sites do differ in cell number/tissue mass, as suggested 
by protein concentration (Table 2.5A), because Anderson et al. (1972) 
found differences in cellularity between seven adipose sites in the pig. 
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In their study the site with the largest cells/tissue mass (perirenal) had 
greater activity/cell of several lipogenic enzymes. Thus, it is possible 
that inner backfat has larger and fewer cells/tissue mass, and that these 
cells show a greater response to hormone-stimulation. 
Another possible explanation for site differences in glycerol release 
is different activities of glycerol kinase. The use of glycerol release 
as a lipolytic parameter became popular in the early 1960's, based on the 
premise that adipose tissue was unable to utilize glycerol for glyceride 
esterification (Vaughan, 1962) because of the absence of glycerol kinase 
(Wieland and Suyter, 1957). Later, Robinson and Newsholme (1967) developed 
a more sensitive assay and found glycerol kinase activity in adipose 
tissue. Welton, Martin and Baumgardt (1972) investigated glycerol kinase 
activities of adipose tissue from obese and lean breeds of steers and 
found no differences between breeds; however, they did report that peri­
renal adipose tissue had greater glycerol kinase activity than subcutaneous 
brisket fat. If this were true with the tissues used in these studies, it 
could explain the lower rates of S from perirenal and other internal 
adipose tissue. 
To study the effect of fasting on lipolytic potential of adipose 
tissue, three animals (D-367F) were maintained without feed, but with 
access to water and salt, for approximately three weeks before slaughter. 
The results are illustrated in Figures 2.3 and 2.4, with the results from 
comparable weight group of fed animals (D-384). Basal of the fasted 
animals exceeded that of the fed animals (Table 2.10A,B). The significance 
of this observation is uncertain because the adipose tissues from the fed 
group used for making this comparison (D-384) had lower B than both 
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lighter (D-277) and heavier (D-528) animals as noted earlier. In addition, 
the higher B of two sites from three other groups (BD-143, BD-312 and 
BD-445) (Table 2.3B) suggests that B from the D-384 group is atypical. 
Although somafhat less in tissues from the fasted group, S was not sta­
tistically different from the fed group, whether expressed by weight or 
protein (Table 2.9B). S-B on a tissue weight basis was less in fasted 
animals and, although it appeared this difference also existed in the 
protein basis comparison (Figure 2.4), it was not significant (Table 2.9B). 
Despite this insignificant response and an unfair B comparison, it seems 
that at least some adipose tissues of fasted animals are less responsive 
to the lipolytic effect of epinephrine than similar tissues from fed 
animals (Figures 2.3 and 2.4). 
Fasting has been reported to increase basal, but not maximum lipolytic 
response of rat adipose tissue (Brodie, Krishna and Hynie, 1969). These 
authors proposed that fasting caused increased levels of adenyl cyclase, 
which made adipose tissue from fasted animals more sensitive to lipolytic 
agents. The work by the above authors and others (Jungas, 1970), however, 
suggests that stimulation by catecholamines is not responsible for the 
elevated basal lipolytic rates of fasting. Apparently, fasting causes a 
greater portion of the triglyceride lipase to remain activated (Jungas, 
1970). 
Basal (tissue weight basis) did not differ between adipose tissue 
sites; however, S did (Table 2.10A,B). An interesting animal group by 
tissue site interaction for S (on a tissue weight basis) was found and is 
apparent in Figure 2.3. It can be seen that fasting diminishes S from the 
subcutaneous tissues, but had little or no effect on internal adipose 
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tissues. There appeared to be a similar effect on a protein basis (Figure 
2.4), but it was not statistically significant. S-B differed between 
sites on a tissue mass basis, but not on a protein basis. 
Holstein steers, butanediol experiment 
Adipose tissues from animals on the butanediol feeding experiment 
were sampled and lipolytic measurements made to: 1) determine if feeding 
butanediol altered basal or stimulated lipolysis, 2) determine if lipo­
lytic parameters would be influenced by the ratio of concentrate to 
roughage in the ration, and 3) to further establish the relationship of 
animal size to lipolysis. 
The results of these experiments (Table 2.3B and Table 2.4B) are 
expressed on a tissue weight basis only. Basal was similar between animals 
of different weights (BD-143, BD-312 and BD-445) and adipose tissue sites 
(tailhead, omental and inner backfat). Neither butanediol nor the con­
centrate to roughage ratio had a significant effect on B or S. Although 
the BD-312 group fed butanediol had somewhat lower S than control groups, 
much animal variation existed (Appendix Table 10); S was related to animal 
size in a manner similar to that observed with the Holstein animals 
already discussed. 
Beef-bred steers 
The purposes of these experiments were: 1) to study adipose tissue 
from beef-bred animals (which fatten sooner during development and to a 
greater extent) and compare lipolytic rates to dairy-bred animals, 2) to 
determine the effect of restricted vs. ^  libitum feeding on lipolytic 
rates, and 3) to examine a breed effect (half of each weight group 
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was Angus-sired and the other half was sired by a Charolais bull) on 
lipolysis. 
The results of these studies (Tables 2.3C and 2.4C) are presented by 
animal weight group and by adipose tissue site in Figure 2.5. Charolais-
and Angus-sired steers had similar B when all weight groups and tissue 
sites were considered, in spite of some differences at particular weight 
comparisons. I-Jhen all weight groups and tissue sites were compared, S was 
somewhat greater for the Charolais-sired animals. Possibly this indicates 
a true difference but, because of large animal variation (Appendix Table 
12) and limited numbers, the two breed groups at each weight category were 
combined to give groups of four animals for comparisons of weight groups 
and tissue sites. 
To compare weight groups and tissue sites, the data are presented 
graphically in Figure 2.5A. A pattern similar to that observed for adi­
pose tissue from the dairy-bred animals was found for both animal size and 
tissue site (Figures 2.1 vs. 2.5A). One apparent difference was in the 
lightest weight group (B-113) , where S from perirenal exceeded that of 
intermuscular adipose tissue. Otherwise, S declined as animal size 
increased. Adipose tissues from internal locations had lower S values 
than backfat. Inner backfat and omental adipose tissues from the B-503 
group exhibited elevated B, which further supports the suggestion that 
basal lipolysis in the bovine increases with fatness. 
The effect of restricted feeding on adipose tissue lipolysis is 
presented graphically in Figure 2.SB. Both S and B seemed less in tissues 
from B-361R, especially inner backfat. Although restricted feeding might 
have been expected to cause less total fat accumulation in animals of this 
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size, these restricted animals had as much or more fat accumulation than 
the group (B-364) of paired animals (Table 2.1C). 
Genetic effects 
To further compare the effect of genetics on lipolysis, regressions 
of both B and S on live body weight were calculated by breed for all ad 
libitum fed Holsteins, the eight ^  libitum fed Angus-sired animals in 
groups B-113An, B-231An, B-364An and B-503An, and the eight ad libitum fed 
Charolais-sired animals of groups B-113Ch, B-231Ch, B-364Ch and B-503Ch. 
The lipolysis data from inner backfat, perirenal, omental and intermuscular 
adipose tissue sites were used in these calculations. The regression 
coefficients are given by breed and adipose tissue site in Table 2.11, 
together with indications of breed similarities or differences as deter­
mined by a test for comparing regressions according to Steel and Torrie 
(1960). 
The sign and magnitude of the betas in Table 2.11 can be compared with 
the data illustrated in Figures 2.1 and 2.5k. The only significant differ­
ences between breeds occurred in B from inner backfat and omental, the 
sites where B was elevated in B-503 (Figure 2.5A). The nonsignificant 
differences between breeds for the remaining parameters indicated that the 
lipolytic rates of adipose tissues behaved similarly for the three breeds 
as size increased. 
To examine genetic comparisons in yet another way, inner backfat and 
omental tissue data from the beef-bred steers (ad libitum fed) and from 
Holstein steers (D-277, D-384 and D-528) were plotted against carcass 
weight and carcass fat (Figure 2.6). Several conclusions are suggested 
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from these figures. As was concluded earlier, S (on a tissue weight basis) 
of inner backfat is greater than that of omental adipose tissues (Figure 
2.6A,B). Beyond a certain weight and amount of fat accumulation, S no 
longer declines. This point may be reached earlier by omental than by 
inner backfat tissues. Beef-bred and Holstein steers have similar S, 
especially as weight and fat accumulation increase. 
Somewhat different conclusions are suggested by plots of B (Figure 
2.6C,D). I'Thereas S was more similar between breeds than between adipose 
tissue sites, B seemed more similar between tissue sites than between 
animal breeds. If the atypically low values for the intermediate weight 
(D-384) dairy group are disregarded, however, much of the breed differ­
ences would be abolished. If the high B of tissues from the heaviest, 
fattest beef animals (B-503) is truly representative of adipose tissue of 
such animals, it suggests that, on a carcass weight basis (Figure 2.6C), 
a difference in adipose tissue metabolism might exist between dairy and 
beef-bred animals. It is also possible that, if dairy-bred animals were 
fattened to the extent of the beef animals (Figure 2.6D), B of dairy-bred 
animals might follow the rise observed with these beef-bred animals. 
Because the fattest beef-bred animals have similar stimulated and 
apparently greater basal rates of glycerol release than similar sized 
but leaner dairy-bred animals, neither spontaneous nor maximal lipolytic 
rates explain the greater accumulation of fat by the beef-bred animals. 
Summary 
The effects of tissue site, animal size, plane of nutrition and 
genetics on basal and epinephrine-stimulated rates of glycerol release 
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were studied in adipose tissue samples from one to five sites from 71 
steers. Lipolytic comparisons were dependent upon the basis of expressing 
the rates of glycerol release. When based on tissue mass, basal glycerol 
release remained relatively constant (except for elevated rates in tissues 
from the fattest animals) and maximal rates of glycerol release declined 
as animal size increased. The same lipolytic measurements expressed on 
tissue protein indicated that basal rates increased and maximal rates 
remained relatively constant with increased animal size. 
Basal lipolysis of five adipose tissue sites were similar when 
expressed on a tissue weight basis, but inner backfat and perirenal sites 
had greater basal lipolytic rates than three other sites when expressed 
on tissue protein. External adipose tissues (outer and inner backfat) 
had greater maximal rates of lipolysis than three internal sites, based 
on tissue mass, and inner backfat became more different and outer 
backfat more similar to the internal sites when expressed on tissue pro­
tein. 
Whether expressed by weight or protein, fasting reduced the maximal 
lipolytic rate of external, but not internal, adipose tissues and appeared 
to elevate basal rates of lipolysis of all adipose tissues tested. 
Restricted feeding appeared to reduce both basal and maximum lipolytic 
rates. 
With the exception of the higher basal lipolytic rate of the largest, 
fattest beef-bred animals, little difference in basal and maximal rates 
of lipolysis was observed between Holstein and beef-bred steers. Thus, 
the differences in fat accumulation observed between animals do not appear 
due to differences in the lipolytic parameters measured in these studies. 
TABLE 2.1. DESCRIPTION OF ANIMAL GROUPS USED FOR LIPOLYSIS STUDIES^ 
Groupb Slaughter Dailyd Carcass® Dressing Carcass^ 
Identification Age WelghtC gain weight percent fat 
no. (no. /group) (days) (kg) (kg/day) (kg) (%) (%) 
A) Holstein steers. dairy farm 
D-277 6 262+14 277+6 1.23+0.10 150±4 54.0+0.4 13.8±0.6 
D-384 6 342±10 384+4 1.02+0.12 216+5 56.2±0.8 18.0+0.7 
D-528 6 475+14 528+3 1.06+0.04 307±3 58.2+0.4 23.2+1.5 
D-367F 3 375+3 367+9 1.64+0.11 215±9 58.6+1.6 19.4+1.9 
B) Holstein steers. butanediol experiment 
BD-143-60 6 143+4 -0.10+0.11 78±2 54.2+1.3 4.4+0.4 
BD-3124-80 4 330±7 0.89+0.10 194+7 58.7+0.8 12.7+1.0 
BD-312-80 4 316+5 0.76+0.07 181±3 57.4+0.8 11.1+0.9 
BD-312+40 4 299+5 0.5110.06 170±3 56.6+0.4 11.7+2.3 
BD-312-40 4 302+8 0.55+0.09 170+4 55.1+1.9 9.8+1.0 
BD-312 12 312±5 0.68+0.06 179±4 57.0+0.6 11.3+0.7 
BD-445+80 6 451+9 1.05+0.09 273+6 16.0+1.0 
BD-445-80 6 439+13 1.01+0.09 266+8 15.4+0.6 
BD-445 12 445+8 1.03±0.06 269+5 15.7+0.6 
c) Beef-bred steers 
B-113An 2 136 111 0.58 57 51.8 6.7 
B-113Ch 2 146 115 0.43 62 54.4 5.2 
B-113 4 141+7 113+2 0.51+0.09 60+2 53.1+1.1 6.0±0.6 
B-231An 2 303 230 1.04 130 54.4 13.7 
B-231Ch 2 304 223 0.71 126 56.8 10.8 
B-231 4 303+7 231+6 0.88+0.12 128±3 55.6+0.8 12.2±1.0 
B-364An 2 408 362 1.24 212 58.5 21.9 
B-364Ch 2 389 367 1.28 218 59.4 15.8 
B-364 4 398+8 364+4 1.26+0.01 215±3 58.9±0.3 18.8±2.0 
B-361RAn 2 490 361 0.66 216 59.9 20.4 
B-361RCh 2 457 362 0.74 214 59.2 19.8 
B-361R 4 474±16 361±2 0.70+0.05 215+2 59.6±0.6 20.0+0.5 
B-503An 2 572 504 0.82 325 64.6 37.4 
B-503Ch 2 520 502 1.01 318 60.8 26.4 
B-503 4 546±18 503±5 0.92+0.10 322+4 62.7+1.1 31.9+3.5 
^Values are means ± S.E, 
^Group prefix letters D, BD and B designate the source of the animals, dairy farm, butanediol 
feeding trial and beef farm. The numbers are mean group weights in kilograms. Suffix letters F, An, 
Ch and R indicate the fasted, Angus- and Charolais-sired and restricted fed steers. Group suffix 
symbols and numbers indicate the groups which received 1,3-butanediol (+ or -), and the level of 
flaked corn in the ration (40, 60 or 80%). 
^Slaughter weights are unshrunk live weights recorded at the University Meat Laboratory prior 
to slaughter. 
^Daily gains were computed from gains over a 30- to 60-day period immediately prior to slaughter 
for the fed animals and for a similar length period prior to the fast for the fasted animals. 
^Carcass weights are hot carcass weights minus a 2% shrink. 
^Percent fat of D and B groups is from physical separation, expressed as percent of the chilled 
carcass weight. Fat percent includes kidney and pelvic fat. Fat percent of the BD groups is Skelly 
B extracted fat from ground round. 
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TABLE 2.2. EXPERIMENTAL DIETS 
Ingredient Amount 
A) Holstein steers, dairy farm 
Com, ground shelled 77.4 
Com cobs, finely ground 10.0 
Soybean meal, 44% protein 5.3 
Alfalfa pellets, dehydrated 5.0 
Urea 1.0 
Limestone, ground 0.83 
Salt, trace mineral 0.50 
Vitamin A, D and E and Aureo-500 premix 0.05 
B) Holstein steers, butanediol experiment 
Corn, flaked 
Alfalfa pellets, dehydrated 
1,3-butanediol 
Protein-vitamin-mineral mix 
Soybean meal, 44% protein 
Wheat middlings 
Urea 
Molasses, black strap 
Vitamin A, D and E premix 
Mineral premix 
C) Beef-bred steers 
Ration 
+80 —80 +40 -40 -60 
61.4 64.0 
_ 
30.7 32.0 60.0 
19.2 20.0 57.6 60.0 40.0 
4.0 0.0 4.0 0.0 0.0 
15.4 16.0 7.7 8.0 0.0 
Ration 
Growing Finishing 
71.5 
9.0 
6 . 0  
3.0 
0.5 
in n 
- % -
Com 48.0 80.0 
Hay 40.0 0.0 
Soybean meal, 44% protein 5.3 8.9 
Molasses 4.8 4.8 
Com cobs 1.1 5.0 
Protein-vitamin-mineral mix 0.75 1.25 
Soybean meal 
Limestone, ground 
Calcium carbonate 
Vitamin A premix 
Vitamin E premix 
Salt 
Aurofac-50 
85.25 
7.86 
0.90 
2.47 
0.04 
3.36 
0.16 
TABLE 2.3. BASAL LIPOLYSIS OF ADIPOSE TISSUES BY ANIMAL GROUPS® 
Animal group Outer backfat Inner backfat 
Adipose tissue sites 
Tallhead Perirenal Omental Int ermus cular 
-ymole glycerol released/(g x hr)-
A) Holsteln steers, dairy farm 
D-277 
D-384 
D-528 
D-367F 
0.39+0.05 
0.21±0.04 
0.33±0.09 
0.3îi±0.l2 
0.37+0.08 
0.18+0.03 
0.38+0.10 
0.30+0.10 
B) Holsteln steers, butanedlol experiment 
BD-143 
BD-312+80 
BD-312-80 
BD-312+40 
BD-312-40 
BD-312 
BD-445+80 
BD-445-80 
BD-445 
C) Beef-bred steers 
B-113An 
B-113Ch 
B-113 
0.51+0.05 
0.44+0.08 
0.37±0.04 
0.43+0.01 
0.44±0.03 
0.43±0.02 
0.39±0.02 
0.41+0.02 
0.24+0.04 
0.16+0.03 
0.41+0.06 
0.49+0.18 
0.44+0.04 
0.30 
0 . 2 6  
0.28+0.04 
0.25 
0 .20  
0.22+0.03 
0.26±0.05 
0.16+0.03 
0.32+0.05 
0.44+0.06 
0.46+0.06 
0.46+0.06 
0.48+0.04 
0.42+0.08 
0.54+0.03 
0.46+0.06 
0.16 
0.18 
0.17+0.03 
0.24±0.04 
0.13+0.01 
0.28+0.05 
0.43±0.16 
0.17 
0.12 
0.14±0.02 
B-231An 0.30 0.26 0.24 0.18 
B-231Ch 0.40 0.42 0.32 0.32 
B-231 0.35±0.03 0.34+0.06 0.28+0.03 0.25+0.06 
B-364An 0.37 0.22 0.27 0.22 
B-364Ch 0.34 0.38 0.31 0.25 
B-364 0.36+0.01 0.30±0.05 0.29+0.02 0.24±0.02 
B-361RAn 0.18 0.20 
B-361RCh 0.19 0.24 
B-361R 0.19±0.03 0.22+0.04 
B-503An 0.82 0.63 
B-503Ch 0.57 0.87 
B-503 0.70+0.18 0.75±0.13 
^Values are group means ± S.E. from duplicate or triplicate incubations of each tissue and 
duplicate glycerol determinations from each incubation. 
TABLE 2.4. STIMULATED LIPOLYSIS OF ADIPOSE TISSUES BY ANIMAL GROUPS^ 
Adipose tissue sites 
Animal group Outer backfat Inner backfat Tallhead Perirenal 
A) Holstein steers, dairy farm 
D-277 
D-384 
D-528 
D-367F 
2.13+0.31 
1.73±0.18 
1.39+0.23 
0.84±0.18 
2 . 2 8 + 0 . 2 0  
1.45+0.09 
1.23+0.10 
0.83+0.21 
B) Holstein steers, butanediol experiment 
BD-143 
BD-312+80 
BD-312-80 
BD-312+40 
BD-312-40 
BD-312 
BD-445+80 
BD-445-80 
BD-445 
C) Beef-bred steers 
B-113An 
B-113Ch 
B-113 
1.83+0.08 
1.97+0.26 
1.83+0.35 
2.03+0.07 
1.91+0.10 
0 .80+0.06  
0 .80+0.06  
0.80±0.04 
1.23±0.30 
0.96+0.20 
0.49+0.09 
0.87+0.06 
2.33±0.20 
1.69 
1.76 
1.73±0.22 
2.46 
2 . 0 8  
2.27+0.34 
Omental 
-ymole glycerol released/(g x hr)-
1.39+0.15 
0.80±0.13 
0.82±0.13 
0.78±0.06 
2.64+0.17 
1.31±0.17 
1.55+0.29 
1.17±0.19 
1.70±0.06 
1.44±0.10 
1.72 
1.63 
1.68±0.44 
Intermuscular 
1 .20+0 .21  
1.06+0.10 
1.06+0.23 
0.92+0.15 
1.60 
1.35 
1.48±0.32 
B-231An 2.05 1.44 1.23 1.38 
B-231Ch 2.30 1.82 1.56 2.20 
B-231 2.18+0.20 1.63+0.12 1.40±0.16 1.79+0.25 
B-364An 1.29 0.47 0.61 0.76 
B-364Ch 1.38 0.85 1.06 1.02 
B-364 1.34±0.05 0.66±0.20 0.83+0.15 0.89+0.10 
B-361RAn 1.06 0.73 
B-361RCh 0.80 0.74 
B-361R 0.93±0.28 0.74+0.08 
B-503An 0.99 0. 75 
B-503Ch 1.40 0.94 
B-503 1.20±0.13 0.84±0.17 
^Values are group means ± S.E. from duplicate or triplicate Incubations of each tissue and 
duplicate glycerol determinations from each incubation. 
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TABLE 2.5. PROTEIN CONCENTRATIONS AND BASAL AND STIMULATED 
LIPOLYSIS EXPRESSED ON TISSUE PROTEIN OF HOLSTEIN 
STEER (DAIRY FARM) ADIPOSE TISSUES 
Animal group 
Outer 
backfat 
Inner 
backfat Perirenal Omental Intermus cular 
tissue 
A) Protein concentration^ 
D-277 167 91 151 177 118 
D-384 109 87 106 159 113 
D-528 107 71 51 85 82 
D-367F 100 83 154 192 111 
released/(mg protein X hr) 
B) Basal lipolvsis 
D-277 0.24 0.49 0.23 0.15 0.19 
D-384 0.21 0.25 0.15 0.10 0.12 
D-528 0.43 0.85 0.94 0.48 0.40 
D-367F 0.34 0.34 0.30 0.28 0.39 
-ymole glycerol released/(mg protein x hr)-
C; Stimuxaced j-ipo-Lysis 
D-277 1.30 3.02 0.96 0.93 1.10 
D-384 1.95 2.17 0.93 0.50 1.00 
D-528 1.66 2.24 1.48 1.24 1.55 
D-367F 0.82 1.02 0.59 0.51 0.87 
^Protein concentration of tissues from groups D-277, D-384 and D-528 
declined (?<.05) linearly (?<.G1) as size increased and, although sites 
differed (P<.01), their was a site by group interaction (P<.05). Protein 
concentration of D-367F tissues did not differ from D-384 tissues (P>.05). 
TABLE 2.6. ANALYSIS OF VARIANCE FOR LI)?OLYSIS OF FIVE ADIPOSE TISSUE SITES OF DIFFERENT GROUPS 
(D-277, D-384 AND D-528) OF HOLSTEIN STEERS (DAIRY FARM)* 
Source of error 
Degrees 
freedom 
Mean 
square 
Mean 
square 
Mean 
square 
Basal —Stimulated Stimulated-basal 
A) Tissue weight basis 
Group 2 
linear 1 
quadratic 1 
Animals/group (error A) 15 
Sites 4 
Sites X group 8 
Animals/site x group (error H) 60 
.2438 * 
.0375 ns 
.4500 * 
.0625 
.0379 
.0123 ns 
.0067 
3.1294 
5.9032 ** 
.3556 ns 
.6692 
2.6637 ** 
.2112 ns 
.1031 
3.4436 * 
6.8817 ** 
.0056 ns 
.6165 
2.2246 ** 
.1876 ns 
.1112 
B) Tissue protein basis 
Group 2 
linear 1 
quadratic 1 
Animals/group (error A) ]5 
Sites 4 
Sites X group B 
Animals/site x group (error B) 60 
1.7040 * 
1.9352 * 
1.4728 ns 
.3256 
.2974 
.1057 
.0295 
AV; 
A* 
.7779 ns 
.4333 ns 
1.1226 ns 
2.4366 
7.0464 
.7787 ns 
.4712 
** 
.2804 ns 
.5371 ns 
.0237 ns 
1.3290 
5.2906 
.7352 ns 
.3910 
A* 
A and ns signify differences at P<.05, P<.01 and no difference at P>.05. 
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TABLE 2.7. LEAST SQUARES MEANS OF ANIMAL GROUPS AND TISSUE SITES FOR 
LIPOLYSIS MEASUREMENTS (GROUPS D-277, D-384 AND D-528)^ 
Lipolvsis measurements 
Variable Basal Stimulated Stimulated-basal 
A) Tissue weight basis 
limole glycerol released/(g tissue x hr) 
Group 
D-277 
D-384 
D-528 
0.29 
0.17 
0.34 
1.64 
1.20 
1 .02  
1.35 
1.03 
0.67 
Site 
Outer backfat 
Inner backfat 
Perirenal 
Omental 
Intermuscular 
0.31* 
0.3ia 
0.27% 
0.25ab 
0.20% 
1.75a 
1.65a 
0.92b 
l.OOb 
l.llb 
1.44a 
1.34a 
0.66% 
0.76bc 
0.90C 
Umole glycerol released/(mg protein x hr) 
B) Tissue protein basis 
Group 
D-277 0.26 1.46 1.20 
LI-J04 U.J./ x.Ji x.x'+ 
D-528 0.62 1.63 1.01 
Site 
Outer backfat 0.29® 1.63® 1.34a 
Inner backfat 0.53% 2.48 1.94 
Perirenal 0.44% 1.12% 0.68% 
Omental 0.25® 0.89% 0.64% 
Intermuscular 0.24® 1.22®% 0.98a% 
®'%>Cj.jeans in the same column under each heading with different 
superscripts are different as tested by Duncan's New Multiple Range Test 
(P<.05). 
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TABLE 2.8. CORRELATIONS BETIfEEN LIPOLYTIC PARAMETERS MEASURED IN 
ADIPOSE TISSUES FROM FIVE SITES FROM HOLSTEIN STEERS (GROUPS 
D-277, D-384 AND D-528) 
Parameters correlated r value 
Basal/weight vs.; stimulated/weight -0.03 
stimulared-basal/weight -0.27 
basal/protein 0.59 
stimulated/protein 0.00 
stimulated-basal/protein -0.16 
Stimulated/weight vs.: stimulated-basal/weight 0.97 
basal/protein -0.04 
stimulated/protein 0.56 
stimulated-basal/protein 0.62 
Stimulated minus basal/weight vs.: basal/protein -0.18 
stimulated/protein 0.54 
stimulated-basal/protein 0.64 
Basal/protein vs.; stimulated/protein 0.47 
stimulated-basal/protein 0.24 
TABLE 2.9. ANALYSIS OF VARIANCE FOR LIPOLYSIS OF FIVE ADIPOSE TISSUES SITES OF FED 
(D-384) AND FASTED (D-367F) HOLSTEIN STEERS® 
Source of error 
Degrees 
freedom 
Mean 
square 
Mean 
square 
Mean 
square 
———Bas al—— ———S tiniulated——— S tlmulated-basal 
A) Tissue weight basis 
Group 1 
Animals/group (error A) 7 
Sites 4 
Groups X sites 4 
Animals/group site (error B) 28 
.5444 * 
.0578 
.0190 ns 
.0190 ns 
.0076 
1.2297 ns 
.3177 
.2955 
.2962 
.0622 
** 
** 3,4106 
.2277 
.3581 
.1758 ns 
.0799 
B) Tissue protein basis 
Group 1 .2595 * 3.0087 ns 5.0352 ns 
Animals/group (error A) 7 .0435 1.1042 .9104 
Sites 4 .0142 ns 1.6061 * 1.3277 ns 
Groups X sites 4 .0085 ns .6119 ns .5105 ns 
Animals/group site (error B) 28 .0055 .5557 ,5110 
** and ns signify differences at P<.05, P<.01 and no difference at P>.05. 
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TABLE 2.10. LEAST SQUARES MEANS OF ANIMAL GROUPS AND 
TISSUE SITES (GROUPS D-384 AND D-367F)^ 
Lipolysis measurements 
Variable Basal Stimulated Stimulated-basal 
vmole glycerol released/(g tissue X hr) 
A) Tissue weight basis 
Group 
D-384 
IH367F 
0.17 
0.40 
1.20 
0.85 
1.03 
0.45 
Site 
Outer backfat 
Inner backfat 
Perirenal 
Omental 
Intermuscular 
0.28* 
0.24* 
0.32* 
0.30* 
0.28* 
1.28* 
1.14*% 
0.91%c 
0.79= 
0.99%= 
1.00* 
0.90* 
0.59% 
0.49% 
0.71*% 
ymole glycerol released/(mg protein x hr) 
B) Tissue protein basis 
Group 
D-384 
D-367F 
0.17 
0.33 
1.31 
0.76 
1.14 
0.43 
Site 
Outer backfat 
Inner backfat 
Perirenal 
Omental 
Intermuscular 
0.27*% 
0.30* 
0.22%= 
0.19 = 
0.26*%= 
1.39*% 
1.59* 
0.76% = 
0.51= 
0.93*% = 
1.11*% 
1.29* 
0.53%= 
0.32= 
0.68*%= 
a b c ,  
' '^aans in the same column under each heading with different 
superscripts are different as tested by Duncan's New Multiple Range Test 
(P<.05) . 
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TABLE 2.11. REGRESSION OF BASAL AND STIMULATED GLYCEROL RELEASE ON 
LIVE BODY WEIGHT BY BREED AND TISSUE SITE^.b 
Adipose tissue site 
Breed Inner backfat Perirenal Omental Intermuscular 
-Beta values-
A) Basal lipolysts 
Holstein 0.00 0.04 -0.02 0.02 
Charolais 0.03 0.03 0.07 0.02 
Angus 0.10 0.00 0.05 0.01 
* ** 
ns ns 
B) Stimulated lipolysis 
Holstein -0.23 
Charolais -0.15 
Angus -0.18 
ns 
-0.14 -0.21 -0.02 
-0.23 -0.09 -0.07 
-0.35 -0.12 -0.15 
ns ns ns 
*, ** and ns signify differences at P<.05, P<.01 and no difference 
at P>.05. 
"The glycerol releases are expressed on a tissue weight basis; data 
are included from all ad libitum fed animals. 
Figure 2.1. Basal and stimulated rates of lipolysls: effect of animal size 
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Figure 2.5. Basal and stimulated rates of lipolysis from beef-bred steer adipose tissue; 
effect of animal «Ize, tissue site and restricted feeding on glycerol 
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SUMMARY AND CONCLUSIONS 
To determine if fat accumulation in. the Bovine is related to adipose 
tissue metabolism, studies were conducted to estimate lipogenic and lipo­
lytic potential of adipose tissues obtained from animals differing in rate 
and extent of fat accumulation. To estimate lipogenic capacity of adipose 
tissues, activities of three NADP-dehydrogenase enzymes (glucose-ô-phosphate 
dehydrogenase, NADP-malate dehydrogenase and NADP-isocitrate dehydrogenase) 
were measured in adipose tissue homogenates. Adipose tissues were sampled 
from seven sites of 15 animals at slaughter. The animals were combined on 
the basis of size, breed (and sex) and diet into four groups which repre­
sented different degrees of fat accumulation. The results are summarized 
as follows. 
1. Glucose-6-phosphate and NADP-malate dehydrogenase activities were 
higher in tissues from the large (523 kg) Holstein bull group than in 
tissues from the large (448 kg) beef-brad (Shorthorn and Hereford) steers. 
At slaughter, the beef-bred animals had accumulated greater amounts of fat, 
although dairy-bred animals were gaining faster. 
2. Tissues from two lighter weight groups (299 kg dairy-bred bulls 
and 240 kg beef-bred steers) of animals had lower activities of the above 
enzymes than those from heavier animals. All animals in the lighter weight 
groups had only minimal amounts of fat deposits. 
3. Activities of both glucose-6-phosphate and NADP-malate dehydroge­
nases were extremely low in tissues from the small (240 kg) beef-bred group. 
Although all other animals had been fed high energy grain rations, this 
group of steers was fed a roughage ration and was gaining at minimal rates. 
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4. Glucose-6-phosphate and NADP-malate dehydrogenase activities were 
greater in adipose tissues from external than internal sites. 
5. NADP-malate dehydrogenase activity was consistently lower than 
glucose-6-phosphate dehydrogenase activity by approximately one order of 
magnitude. The activity of these two enzymes were highly correlated 
(r=0.73). 
6. NADP-isocitrate dehydrogenase activity was similar in tissues 
from all animal groups and sites sampled. 
These observations suggest the following. 
1. Oxidation of glucose via the pentose phosphate pathway is an 
important source of NADPH for fatty acid synthesis in adipose tissues of 
cattle fed high-grain rations. 
2. Lipogenic potential of adipose tissues differs between sites. 
3. The minimal amount of fat accumulation found on animals, such as 
those in the 523 kg Holstein bull group of this study, is not due to lack 
of lipogenic potential of adipose tissues. 
To estimate lipolytic capacity of adipose tissue, spontaneous and 
maximal (epinephrine-stimulated) rates of glycerol release from adipose 
tissue sections were measured. Tissues were sampled from one to five 
sites from 71 steers. Again, animals were combined into groups differing 
in fat accumulation, according to size, breed, diet and plane of nutrition. 
Two methods of expressing lipolytic rates were compared using the lipolytic 
data from five sites of 21 animals. The results of these measurements were 
as follows. 
1. The basis of expressing glycerol release influences interpretation 
of the results. 
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2. When lipolysis is reported as glycerol release/tissue mass, 
maximal lipolytic rates decline and spontaneous lipolytic rates of tissues 
from dairy-bred animals remain similar as animal size and fat accumulation 
increase. Spontaneous lipolytic rates of tissues from the fattest beef-
bred group were elevated, however. 
3. When lipolysis is reported as glycerol release/tissue protein, 
spontaneous lipolytic rates increase and maximal rates remain relatively 
constant as animal size and fat accumulation increase. 
4. Spontaneous lipolysis based on tissue mass was similar from all 
five tissue sites examined, and stimulated rates of lipolysis of two 
subcutaneous sites were greater than two internal and intermuscular sites. 
5. Expressed on tissue protein, spontaneous lipolytic rates of inner 
backfat and perirenal sites were greater than the other sites, and maximal 
rates of inner backfat were much greater than other sites. 
6. Fasting animals prior to sampling tissues reduced the maximal 
rates of external but not internal sites and seemed to elevate spontaneous 
rates of lipolysis of all adipose tissue sites. This was true whether 
expressed by tissue mass or tissue protein. 
7. Varying concentraterroughage ratios of rations from 40:60 to 80:20 
had no effect on lipolytic parameters, nor did the feeding of 1,3-butane-
diol. 
8. Restricting feed intake sufficiently to reduce gain by 33% seemed 
to reduce maximal rates of lipolysis/tissue mass. 
9. Little difference in spontaneous or maximal rates of lipolysis was 
observed between dairy-bred and beef-bred steer adipose tissues, with the 
exception of elevated spontaneous rates observed in tissues from the 
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largest, fattest beef-bred animals. These animals had accumulated 50% more 
carcass fat than had similar weight dairy-bred animals. 
These observations suggest the following. 
1. Lipolytic capacity of adipose tissues is not affected by ration or 
breed of animal. 
2. Adipose tissue lipolytic capacities are influenced by tissue site, 
extent of fat accumulation and basis of expressing lipolysis. 
3. A given mass of adipose tissue maintains a constant level of basal 
lipolytic activity, which may become elevated by extreme fat accumulation. 
The maximum lipolytic potential of adipose tissue declines as fat accumu­
lation increases. 
4. A given quantity of extractable adipose tissue protein maintains 
a constant level of maximum lipolytic potential, and spontaneous lipolytic 
activity rises as fat accumulates. 
5. Although physiological lipolysis may play a role in determining 
extent and location of fat stores, spontaneous and maximal lipolytic 
rates measured iji vitro do not explain the differences in adiposity 
observed between animals sampled in these studies. 
With respect to the primary objective of this study (relating in 
vitro lipogenic and lipolytic capacities to extent of fat accumulation) 
the NADP-dehydrogenase activities and lipolytic parameters measured do not 
adequately explain the observed differences in fat accumulation. In 
vitro glucose-6-phosphate and NADP-malate dehydrogenase activities seem 
to reflect iji vivo rate of fat synthesis rather than the amount of fat 
already accumulated. Whether a relationship exists between the lipolytic 
parameters measured and vivo fat mobilization is less certain. Starved 
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animals and the fattest animals would be expected to have highest in vivo 
fat mobilization. Because spontaneous ^  vitro lipolysis was elevated in 
tissues from these animals, this parameter seems to be indicative of in 
vivo lipolysis. Maximal glycerol release in vitro, however, may not be 
related to in vivo rates. 
Physiological fat mobilization might be better estimated by measuring 
plasma FFA or glycerol and/or their turnover rates. If such measurements 
could be made across isolated fat organs such as the omentum, it would 
help to clarify the role of lipolysis in genetic differences in pattern 
of fat accumulation. 
An alternative in vitro approach to the original objective would be 
examination of adipose tissue (or isolated adipocyte) sensitivity to 
hormones and substrates, for both lipogenic and lipolytic processes. 
110 
LITERATURE CITED 
Allen, E. 1969. Importance of adipose tissue to the meat industry. 
Proceedings of the Meat Industry Research Conference. American Meat 
Institute Foundation, Chicago, Illinois. 
A1 Shathir, N. M. 1971. Lipogenesis in adipose tissue and liver of beef 
and dairy cattle. M.S. thesis. Iowa State University, Ames, Iowa. 
Anderson, D. B. , R. G. Kauffman and L. L. Kastenschmidt. 1972. Lipogenic 
enzyme activities and cellularity of porcine adipose tissue from 
various anatomical locations. J. Lipid Res. 13:593. 
Anderson, D. B. , R. G. Kauffman, L. L. Kastenschmidt and H. A. Lardy. 
1970. Morphological and enzymatic changes in porcine adipose tissue 
during growth. J. Anim. Sci. 31:1015. (Abstr.). 
Angel, A., K. S. Desai and M. L. Halperin. 1971. Intracellular accumula­
tion of free fatty acids in isolated white adipose cells. J. Lipid Res. 
12:104. 
Baldwin, R. L. and N. E. Smith. 1971. Intermediary aspects and tissue 
interactions of ruminant fat metabolism. J. Dairy Sci. 54:1. 
Baldwin, R. L. , H. J. Lin, U. Cheng, R. Cabrera and M. Ronning. 1969. 
Enzyme and metabolite levels in mammary and abdominal adipose tissue of 
lactating dairy cows. J. Dairy Sci. 52:183. 
Bali, E. G. 1966. Regulation of fatty acid synthesis in adipose tissue. 
Adv. Enz. Reg. 4:3. 
Ballard, F. J. and R, W. Hanson. 1967. The citrate cleavage pathway and 
lipogenesis in rat adipose tissue: Replenishment of oxaloacetate. 
J. Lipid Res. 8:73. 
Ballard, F. J., 0. H. Filsell and I. G. Jarrett. 1972. Effects of carbo­
hydrate availability on lipogenesis in sheep. Biochem. J. 126:193. 
Ballard, F. J., R. W. Hanson and D. S. Kronfeld. 1969. Gluconeogenesis 
and lipogenesis in tissue from ruminant and nonruminant animals. Fed. 
Proc. 28:218. 
Bauman, D. E., R. E. Brown and C. L. Davis. 1970. Pathways of fatty acid 
synthesis and reducing equivalent generation in mammary gland of rat, 
sow and cow. Arch. Biochem. Biophys. 140:237. 
Beavo, J. A., N. L. Rogers, 0. B. Crofford, C. E. Baird, J. G. Hardman, 
E. W. Sutherland and E. V. Newman. 1971. Effects of phosphodiesterase 
inhibitors on cyclic AMP levels and on lipolysis. Ann. N.Y. Acad. Sci. 
185:129. 
Ill 
Benjamin, W., A. Gellhorn, M. Wagner and H. Kundel. 1961. Effect of aging 
on lipid composition and metabolism in the adipose tissue of the rat. 
Amer, J. Physiol. 201:540. 
Berg, R. T, and R. M. Butterfield. 1968. Growth patterns of bovine 
muscle, fat and bone. J. Anim. Sci. 27:611. 
Bjbmtorp, P. 1966. Effect of ketone bodies on lipolysis in adipose 
tissue in vitro. J. Lipid Res. 7:621. 
Bjomtorp, P. and R. H. Furman. 1962. Lipolytic activity in rat epididy-
mal fat pads. Amer. J. Physiol. 203:316. 
Bond, J., N. W. Hooven, Jr., E. J. Warwick, R. L. Hiner and G. V. Richard­
son. 1972. Influence of breed and plane of nutrition on performance of 
dairy, dual-purpose and beef steers. II. From 180 days of age to 
slaughter. J. Anim. Sci. 34:1046. 
Borgstrom, B. 1960. Metabolism of glycerides. ^ K. Bloch (Ed.) Lipide 
Metabolism, p. 128. John Wiley and Sons, Inc., New York. 
Brodie, B. B., G. Krishna and S. Hynie. 1969. On the role of adenyl 
cyclase in the regulation of lipolysis in fasting. Biochem. Pharma­
cology 18:1129. 
Brodie, B. B., J. I. Davies, S. Hynie, G. Krishna and B. Weiss. 1966. 
Interrelationships of catecholamines with other endocrine systems. 
Pharmacol. Rev. 18:273. 
Buchanan-Smith, J. G. and F.- D. Homey. 1972. Role of caloric intake on 
bovine lipogeneiss. J. Anim. Sci. 35:1126. (Abstr.). 
Buchanan-Smith, J. G., W. R. Usborne and T. D. Burgess. 1972. Adiposity 
in steers fed an all-concentrate diet. J. Anim. Sci. 35:168. (Abstr.). 
Butcher, R. W. 1970. The role of cyclic AMP in the actions of some 
lipolytic and anti-lipolytic agents. In B. Jeanrenaud and D. Hepp (Ed.) 
Adipose Tissue: Regulation and Metabolic Functions, p. 5. Academic 
Press, Ne:-: York. 
Butcher, R. W. and E. W. Sutherland. 1967. The effects of the catechola­
mines, adrenergic blocking agents, prostaglandin E]_ and insulin on cyclic 
AMP levels in the rat epididymal fat pad in vitro. Ann. N.Y. Acad. Sci. 
139:849. 
Butcher, R. W., C. E. Baird and E. W. Sutherland. 1968. Effects of lipo­
lytic and antilipolytic substances on adenosine 3'5'-monophosphate 
levels in isolated fat cells. J. Biol. Chem. 243:1705. 
112 
Butcher, R. W., R. J. Ho, H. C. Meng and E. W. Sutherland. 1965. Adeno­
sine 3'5'-monophosphate in biological materials. II. The measurement 
of adenosine 3'5'-monophosphate in tissues and the role of the cyclic 
nucleotide in the lipolytic response of fat to epinephrine. J. Biol. 
Chem. 240:4515. 
Cahill, G. F. , Jr., B. Leboeuf and A. E. Renold. 1960. Factors concerned 
with the regulation of fatty acid metabolism by adipose tissue. Am. J. 
Clin. Nutr. 8:733. 
Caldwell, A. and J. N. Fain. 1971. Triidothyronine stimulation of cyclic 
adenosine 3'5'-monophosphate accumulation in fat cells. Endocrinology 
89:1195. 
Callow, E. H. 1961. Comparison studies of meat. VII. A comparison 
between Hereford, Dairy Shorthorn and Friesian steers on four levels of 
nutrition. J. Agr. Sci. 56:265. 
Carlson, L. A. and P. R. Bally. 1965. Inhibition of lipid metabolism. 
In A. E. Renold and G. F. Cahill, Jr., (Ed.) Adipose Tissue. Section 5. 
Handbook of Physiology, p. 557. American Physiological Society, 
Washington, D.C. 
Challoner, D. R. and D. 0. Allen. 1970. An in vitro effect of triido­
thyronine on lipolysis, cyclic AMP-l^C accumulation and oxygen consump­
tion in isolated fat cells. Metabolism 19:480. 
Cherkes, A. and R. S. Gordon, Jr. 1959. The liberation of lipoprotein 
lipase by heparin from adipose tissue incubated in vitro. J. Lipid 
Res. 1:97. 
Clausen, T. 1970. Electrolytes and the hormonal control of organic 
metabolism in adipocytes. In B. Jeanrenaud and D. Hepp (Ed.) Adipose 
Tissue: Regulation and Metabolic Functions, p. 66. Academic Press, 
New York. 
Corbin, J. D. and E. G. Krebs. 1969. A cyclic AMP-stimulated protein 
kinase in adipose tissue. Biochem. Biophys. Res. Comm. 36:328. 
Corbin, J. D., E. M. Reimann, D. A. Walsh and E. G. Krebs. 1970. Activa­
tion of adipose tissue lipase by skeletal muscle cyclic adenosine 3'5'-
monophosphate-stimulated protein kinase. J. Biol. Chem. 245:4849. 
Denton, R. M. and B. R. Martin. 1970. Pathways of lipid synthesis and 
their regulation in rat epididymal fat cells. In B. Jeanrenaud and D. 
Hepp (Ed.) Adipose Tissue: Regulation and Metabolic Functions, p. 143. 
Academic Press, New York. 
Dole, V. P. 1956. A relation between non-esterified fatty acids in plasma 
and the metabolism of glucose. J. Clin. Invest. 35:150. 
113 
Dole, V. P. 1965. Energy storage. ^ A. E. Renold and G. F. Cahill, Jr., 
(Ed.) Adipose Tissue. Section 5. Handbook of Physiology, p. 13. 
American Physiological Society, Washington, D.C. 
Fain, J. N. 1967. Adrenergic blockade of hormone-induced lipolysis in 
isolated fat cells. Ann. N.Y. Acad. Sci. 139:879. 
Fain, J. N. and L. Rosenberg. 1972. Antilipolytic action of insulin on 
fat cells. Diabetes 21, Supplement 2:414. 
Fain, J. N. and R. Saperstein. 1970. The involvement of RNA synthesis 
and cyclic AMP in the activation of fat cell lipolysis by growth hormone 
and glucocorticoids. In B. Jeanrenaud and D. Hepp (Ed.) Adipose Tissue: 
Regulation and Metabolic Functions, p. 20. Academic Press, New York. 
Fain, J. N., V. P. Kovacev and R. 0. Scow. 1965. Effect of growth hormone 
and dexamethasone on lipolysis and metabolism in isolated fat cells of 
the rat. J. Biol. Chem. 240:3522, 
Fassina, G., P. Dorigo and I. Maragno. 1970. Mitochondrial energy pro­
duction and hormone stimulated lipolysis. In B. Jeanrenaud and D. Hepp 
(Ed.) Adipose Tissue: Regulation and Metabolic Functions, p. 88. 
Academic Press, New York. 
Flatt, J. P. 1970a. Conversion of carbohydrate to fat in adipose tissue: 
An energy yielding and, therefore, self-limiting process. J. Lipid Res. 
11:131. 
Flatt, J. P. 1970b. Energy metabolism and the control of lipogenesis in 
adipose tissue. ^ 2. Jeanrenaud and D. Hep? (Ed.) Adipose Tissue: 
Regulation and Metabolic Functions, p. 93. Academic Press, New York. 
Flatt, J. P. and E. G. Ball. 1964. Studies on the metabolism of adipose 
tissue. XV. An evaluation of the major pathways of glucose catabolism 
as influenced by insulin and epinephrine. J. Biol. Chem. 239:675. 
Flatt, J. P. and E. G. Ball. 1965. Pathways of glucose metabolism II. 
In A. E. Renold and G. F. Cahill, Jr., (Ed.) Adipose Tissue. Section 5. 
Handbook of Physiology, p. 273. American Physiological Society, 
Washington, D.C. 
Fredholm, B. B. 1970. Studies on the sympathetic regulation of circula­
tion and metabolism in isolated canine subcutaneous adipose tissue. Acta 
Physio. Scand. Suppl. 354. 
Garfinkel, A. S. and M. C. Schotz. 1972. Separation of molecular species 
of lipoprotein lipase from adipose tissue. J. Lipid Res. 13:63. 
Gibson, D. M., S. E. Hicks and D. W. Allman. 1966. Adaptive enzyme forma­
tion during hyperlipogenesis. Adv. Enz. REg. 4:239. 
114 
Goodman, D. S. 1958. The interaction of human serum albumin with long-
chain fatty acid anions. J. Amer. Chem. Soc. 80:3892. 
Goodman, H. M. 1970a. Permissive effects of hormones on lipolysis. 
Endocrinology 86:1064. 
Goodman, H. M. 1970b. Regulation of lipid metabolism. The Physiologist 
13:75. 
Gordon, R. S., Jr. and A. Cherkes. 1956. Unesterified fatty acids in 
human blood plasma. J. Clin. Invest. 35:206. 
Gordon, R. S., Jr. and A. Cherkes. 1958. Production of unesterified 
fatty acids from isolated rat adipose tissue incubated ig. vitro. Proc. 
Soc. Exp. Biol. Med. 97:150. 
Gordon, R. S., Jr., A. Cherkes and H. Gates. 1957. Unesterified fatty 
acid in human blood plasma II. The transport function of unesterified 
fatty acid. J. Clin. Invest. 36:810. 
Gorin, E. and E. Shafrir. 1964. Lipolytic activity in adipose tissue 
homogenates toward tri-, di-, and monoglyceride substrates. Biochem. 
Biophys. Acta 84:24. 
Green, D. E. and S. J. Wakil. 1960. Enzymatic mechanisms of fatty acid 
oxidation and synthesis. In K. Bloch (Ed.) Lipide Metabolism, p. 1. 
John Wiley and Sons, Inc., New York. 
Greten, H., R. I. Levy and D. S. Fredrickson. 1969. Evidence for 
separate mcncglyccrida hydrolase and triglyceride lipase in post-
heparin human plasma. J. Lipid Res. 10:326. 
Hales, C. N. and M. C. Perry. 1970. The role of ions in the hormonal 
control of adipose tissue. In B. Jeanrenaud and D. Hepp (Ed.) Adipose 
Tissue; Regulation and Metabolic Functions, p. 63. Academic Press, 
New York. 
Hanson, R. W. and F. J. Ballard. 1967. The relative significance of 
acetate and glucose as precursors for lipid synthesis in liver and 
adipose tissue from ruminants. Biochem. J. 105:529. 
Hanson, R. W. , M. S. Patel, M. Jomain-Baum and F. J. Ballard. 1971. 
Role of mitochondria in metabolism of pyruvate and lactate by rat adipose 
tissue. Metabolism 20:27. 
Hartman, A. D., A. I. Cohen, C. J. Richane and T. Hsu. 1971. Lipolytic 
response and adenyl cyclase activity of rat adipocytes as related to 
cell size. J. Lipid Res. 12:498. 
115 
Havel, R. J. 1965. Metabolism of lipids in chylomicrons and very low 
density lipoproteins. In A. E. Renold and G. F. Cahill, Jr., (Ed.) 
Adipose Tissue. Section 5. Handbook of Physiology, p. 499. American 
Physiological Society, Washington, D.C. 
Hedrick, H. B. 1968. Bovine growth and composition. University of 
Missouri Agr. Exp. Sta. Res. Bui. 928. 
Henderson, H. E. 1969. Comparative feedlot performance of dairy and 
beef type steers. Proceedings of the 1969 Cornell Nutrition Conference 
for Feed Manufacturers, p. 51. 
Hepp, K. D. and R. Renner. 1972. Insulin action on the adenyl cyclase 
system: Antagonism to activation by lipolytic hormones. FEBS Letters 
20:191. 
Herrera, M. G. and A. E. Renold. 1965. Amino acid and protein metabolism. 
In A. E. Renold and G. F. Cahill, Jr., (Ed.) Adipose Tissue. Section 5. 
Handbook of Physiology, p. 375. American Physiological Society, 
Washington, D.C. 
Hill, D. E., J. Hirsch and D. B. Cheek. 1972. The noncollagen protein in 
adipose tissue as an index of cell number. Proc. Soc. Exp. Biol. Med. 
140:782. 
Himms-Hagen, J. 1970. Adrenergic receptors for metabolic responses in 
adipose tissue. Fed. Proc. 29:1388. 
Hirsch, J. and P. W. Han. 1969. Cellularity of rat adipose tissue: 
Effects of growth, starvation and obesity. J. Lipid Res. 10:77. 
Hirsch, J. and J. L. Knittie. 1970. Cellularity of obese and nonobese 
human adipose tissue. Fed. Proc. 29:1516. 
Ho, R-J. and E. W. Sutherland. 1971. Formation and release of a hormone 
antagonist by rat adipocytes. J. Biol. Chem. 246:6822. 
Hollenberg, C. H. and A. Vost. 1968. Regulation of DNA synthesis in fat 
cells and stromal elements from rat adipose tissue. J. Clin. Invest. 
47:2485. 
Hollenberg, C. H., M. S. Raben and E. B. Astwood. 1961. The lipolytic 
response to corticotropin. Endocrinology 68:589. 
Hooven, N. W., Jr., J. Bond, E. J. Warwick, R. L. Hiner and G. V. Richard­
son. 1972. Influence of breed and plane of nutrition on the performance 
of dairy, dual-purpose and beef steers. I. Birth to 180 days of age. 
J. Anim. Sci. 34:1037. 
116 
Howarth, R. E., R. L. Baldwin and M. Ronning. 1968. Enzyme activities in 
liver, muscle and adipose tissue of calves and steers. J. Dairy Sci. 
51:1270. 
Hubbard, R. W. and W. T. Matthew. 1971a. Growth and lipolysis of rat 
adipose tissue: Effect of age, body wei^t and food intake. J. Lipid 
Res. 12:286. 
Hubbard, R. W. and W. T. Matthew. 1971b. Inhibition of fat cell lipolysis 
by low FFA to albumin ratios. Lipids 6:274, 
Hubbard, R. W., H. P. Voorheis and D. G. Therriault. 1970. The incorpora­
tion of glycerol into the glyceride-glycerol of fat cells isolated from 
chronically cold-exposed rats. Lipids 5:114. 
Huttunen, J. K. and D. Steinberg. 1971. Activation and phosphorylation of 
purified adipose tissue hormone-sensitive lipase by cyclic AMP-dependent 
protein kinase. Biochem. Biophys. Acta 239:411. 
Huttunen, J. K., A. A. Aquino and D. Steinberg. 1970a. A purified tri­
glyceride lipase, lipoprotein in nature, from rat adipose tissue. 
Biochem. Biophys. Acta 224:295. 
Huttunen, J. K., D. Steinberg and S. E. Mayer. 1970b. ATP-dependent and 
cyclic AÏ-ÎP-dependent activation of rat adipose tissue lipase by protein 
kinase from rabbit skeletal muscle. Proc. Nat. Acad. Sci. 67:290. 
Huttunen, J. K., D. Steinberg and S. E. Mayer. 1970c. Protein kinase 
activation and phosphorylation of a purified hormone-sensitive lipase. 
Biochem. Biophys. Res, Comm. 41:1350. 
Huttunen, J. K., J. Ellingboe, R. C. Pittman and D. Steinberg. 1970d. 
Partial purification and characterization of hormone-sensitive lipase 
from rat adipose tissue. Biochem. Biophys. Acta 218:333. 
Ingle, D. L., D. E. Bauman and U. S. Garrigus. 1972a. Lipogenesis in the 
ruminant: In vitro study of tissue sites, carbon source and reducing 
equivalent generation for fatty acid synthesis. J. Nutr. 102:609. 
Ingle, D. L., D. E. Bauman and U. S. Garrigus. 1972b. Lipogenesis in the 
ruminant: In vivo site of fatty acid synthesis in sheep. J. Nutr. 
102:617. 
Ingle, D. L., D. E. Bauman, D. E. Johnson and R. W. Mellenberger. 1972c. 
Lipogenesis and lipolysis of sheep adipose tissue during fasting. J. 
Anim. Sci. 35:203. (Abstr.). 
Jacobsson, B. and U. Smith. 1972. Effects of cell size on lipolysis and 
antilipolytic action of insulin in human fat cells. J. Lipid Res. 
13:651. 
117 
Jungas, R. L. 1970. Effects of biogenic amines on adipose tissue metabo­
lism. ^ J. J. Blum (Ed.) Biogenic Amines as Physiological Regulators, 
p. 181. Prentice Hall Inc., Englewood Cliffs, New Jersey. 
Jungas, R. L. and E. G. Ball. 1963. Studies on the metabolism of adipose 
tissue. XII. The effects of insulin and epinephrine on free fatty acid 
and glycerol production in the presence and absence of glucose. 
Biochemistry 2:383. 
Komberg, A. and B. L. Horecker. 1955. Glucose-6-phosphate dehydrogenase. 
In S. P. Colowick and N. 0. Kaplan (Ed.) Methods in Enzymology. Vol. 1. 
p. 323. Academic Press, New York. 
Koschinsky, Th., F. A. Gries and L. Herberg. 1971. Regulation of glycerol 
kinase by insulin in isolated fat cells and liver of Bar Harbor obese 
mice. Diabetologia 7:316. 
Kramer, C. Y. 1957. Extension of multiple range tests to group correlated 
adjusted means. Biometrics 13:13. 
Kuo, J. F. and P. Greengard. 1969. Cyclic nucleotide-dependent protein 
kinases, IV. Widespread occurrence of adenosine 3*5'-monophosphate-
dependent protein kinase in various tissues and phyla of the animal 
kingdom. Proc. Nat. Acad. S ci. 64:1349. 
Landau, B. R. and J. Katz. 1965. Pathways of glucose metabolism. In A. 
E. Renold and G. F. Cahill, Jr., (Ed.) Adipose Tissue. Section 5. 
Handbook of Physiology, p. 253. American Physiological Society, 
Washington, D.C. 
Laurell, S. 1956. Plasma free fatty acids in diabetic acidosis and 
starvation. Scand. J. Clin, and Lab. Invest. 8:81. 
Laurell, S. and G. Tibbling. 1966. An enzymatic fluorometric micro-
method for the determination of glycerol. Clin. Chim. Acta 13:317. 
Leboeuf, B. 1965. Regulation of fatty acid esterification in adipose 
tissue in vitro. In A. E. Renold and G. F. Cahill, Jr., (Ed.) Adipose 
Tissue. Section 5. Handbook of Physiology, p. 385. American Physiolog­
ical Society, Washington, D.C. 
Leveille, G. A. 1970. Adipose tissue metabolism: Influence of periodicity 
of eating and diet composition. Fed. Proc. 29:1294. 
Lochaya, S., J. C. Hamilton and J. Mayer. 1963. Lipase and glycerokinase 
activities in the adipose tissue of obese-hyperglycemic mice. Nature 
197:182. 
Lowry, 0. H., N. J. Rosebrough, A. L. Farr and R. J. Randall. 1951. Pro­
tein measurement with the Folin phenol reagent. J. Biol. Chem. 193:265. 
118 
Lynn, W. S., R. M. MacLeod and R. H. Brown. I960. Effects of epinephrine, 
insulin and corticotrophin on the metabolism of rat adipose tissue. J. 
Biol. Chem. 235:1904. 
Margolis, S. and M. Vaughan. 1962. ot-glycerolphosphate synthesis and 
breakdown in honogenates of adipose tissue. J. Biol. Chem. 237:44. 
Marinetti, G. V, 1970. Biosynthesis of triglycerides. In M. Florkin 
and E. H. Stotz (Ed.) Lipid Metabolism. Vol. 18. Comprehensive 
Biochemistry, p. 117. Elsevier Publishing Co., New York. 
Marquis, N. R., R. P. Francesconi and C. A. Villee. 1968. A role for 
carnitine and long chain acyl carnitine in the regulation of lipogenesis. 
Adv. Enz. Reg. 6:31. 
Martin, D. B. and P. R. Vagelos. 1965. Fatty acid synthesis in adipose 
tissue. Ill A. E. Renold and G. F. Cahill, Jr., (Ed.) Adipose Tissue. 
Section 5. Handbook of Physiology, p. 211. American Physiological 
Society, Washington, D.C. 
Martin, R. J., L. L. Wilson, R. L. Cowan and J. D. Sink. 1973. Effects 
of fasting and diet on enzyme profiles in ovine liver and adipose tissue. 
J. Anim. Sci. 36:101. 
Miller, G. L. 1959. Protein determination for large numbers of samples. 
Anal. Chem. 31:964. 
Morley, N. and A. Kuksis. 1972. Positional specificity of lipoprotein 
lipase. J. Biol. Chem. 247:6389. 
Mosinger, B. 1970. Cations and lipolytic activity in rat adipose tissue. 
Ill B. Jeanrenaud and D. Hepp (Ed.) Adipose Tissue: Regulation and 
Metabolic Functions, p. 71. Academic Press, New York. 
Moss, J. and M. D. Lane. 1971. The biotin-dependent enzymes. Adv. in 
Enzymology 35:321. 
Nakano, J., A. C. Gin and T. Ishi. 1971. Effect of age on norepinephrine-, 
ACTH-, theophylline- and dibutyryl cyclic AMP-induced lipolysis in iso­
lated rat fat cells. J. of Gerontol. 26:8. 
Napolitano, L. 1965. The fine structure of adipose tissue. In A. E. 
Renold and G. F. Cahill, Jr., (Ed.) Adipose Tissue. Section 5. Handbook 
of Physiology, p. 109. American Physiological Society, Washington, D.C. 
Numa, S., W. M. Eortz and F. Lynen. 1965. Regulation of fatty acid 
synthesis at the acetyl-CoA carboxylase step. Adv. Enz. Reg. 3:407. 
Ochoa, S. 1955a. Isocitrate dehydrogenase system (TPN) from pig heart. 
In S. P. Colowick and N. 0. Kaplan (Ed.) Methods in Enzymology. Vol. 1, 
p. 699. Academic Press, New York. 
119 
Ochoa, S. 1955b. Malic enzyme. In S. P. Colowick and N. 0. Kaplan (Ed.) 
Methods in Enzymology. "Vol. 1. p. 739. Academic Press, New York. 
Opstvedt, J., R. L. Baldwin and M. Ronning. 1967. Effect of diet upon 
activities of several enzymes in abdominal adipose and mammary tissues 
in the lactating dairy cow. J. Dairy Sci. 50:108. 
Pande, S. V., R. P. Khan and T. A. Venkitasubramanian. 1964. Nicotina­
mide adenine dinucleotide phosphate-specific dehydrogenases in relation 
to lipogenesis. Biochem. Biophys. Acta 84:239. 
Reshef, L., R. W. Hanson and F. J. Ballard. 1970. A possible physiolog­
ical role for glyceroneogenesis in rat adipose tissue. J. Biol. Chem. 
245:5979. 
Reshef, L., E. Shafrir and B. Shapiro. 1958. In vitro release of 
unesterified fatty acids by adipose tissue. Metabolism 7:723. 
Reshef, L., 0. Meyuhas, Ch. Boshwitz, R. W. Hanson and F. J. Ballard. 
1972. Physiological role and regulation of glyceroneogenesis in rat 
adipose tissue. Israel J. Med. Sci. 8:372. 
Rizack, M. A. 1961. An epinephrine-s ens itive lipolytic activity in 
adipose tissue. J. Biol. Chem. 236:657. 
Rizack, M. A. 1964. Activation of an epinephrine-sensitive lipolytic 
activity from adipose tissue by adenosine 3'5'-phosphate. J. Biol. Chem. 
239:392. 
Robinson, D. S. 1970. The function of plasma triglycerides in fatty acid 
transport. _In M. Florkin and E. H. Stotz (Ed.) Lipid Metabolism. Vol. 
18. Comprehensive Biochemistry, p. 51. Elsevier Publishing Co., New 
York. 
Robinson, D. S. and D. R. Wing. 1970. Regulation of adipose tissue 
clearing factor lipase activity. In B. Jeanrenaud and D. Hepp (Ed.) 
Adipose Tissue: Regulation and Metabolic Functions, p. 41. Academic 
Press, New York. 
Robinson, J. and E. A. Newsholme. 1967. Glycerol kinase activities in 
rat heart and adipose tissues. Biochem. J. 104:2C. 
Robison, G. A., R. W. Butcher and E. W. Sutherland. 1967. Adenyl cyclase 
as an adrenergic receptor. Ann. N.Y. Acad. Sci. 139:703. 
Robison, G. A., J. W. Dobbs and E. W. Sutherland. 1970. On the nature of 
receptor sites for biogenic amines. J. J. Blum (Ed.) Biogenic Amines 
as Physiological Regulators, p. 3. Prentice Hall Inc., Englewood 
Cliffs, New Jersey. 
120 
Rodbell, M. 1964. Localization of lipoprotein lipase in fat cells of rat 
adipose tissue. J. Biol. Chem. 239:753. 
Rodbell, M. 1965a. Modulation of lipolysis in adipose tissue by fatty 
acid concentration in fat cell. Ann. N.Y. Acad. Sci. 131:302. 
Rodbell, M. 1965b. The metabolism of isolated fat cells. In A. E. Renold 
and G, F. Cahill, Jr., (Ed.) Adipose Tissue. Section 5. Handbook of 
Physiology, p. 471. American Physiological Society, Washington, D.C. 
Rodbell, M. 1967. Metabolism of isolated fat cells. V. Preparation of 
"ghosts" and their properties; adenyl cyclase and other enzymes. J. 
Biol. Chem. 242:5744. 
Rognstad, R. and J. Katz. 1966. The balance of pyridine nucleotides in 
adipose tissue. Proc. Nat. Acad. Sci. 55:1148. 
Romans, J. R. and K. Chakrabarty. 1971. Bovine lipogenesis studies. J. 
Anim. Sci. 33:224. (Abstr.). 
Roncari, D. A. K. and C. H. Hollenberg. 1967. Esterification of free 
fatty acids by subcellular preparations of rat adipose tissue. Biochem. 
Biophys. Acta 137:446. 
Salans, L. B. and J. W. Dougherty. 1971. The effect of insulin upon 
glucose metabolism by adipose cells of different size. Influence of cell 
lipid and protein content, age and nutritional state. J. Clin. Invest. 
50:1399. 
SchotZ; M. C. 5 J. E. Stewart, A. S. Garfinkel, C. F. VJhelan, N. Baker, 
Cohen, T. J. Hensley and M. Jacobson. 1969. Isolated fat cells: 
Morphology and possible role of released lipoprotein lipase in deposition 
of lipoprotein fatty acids. ^ W. L. Holmes, L. A. Carlson and R. 
Paoletti (Ed.) Drugs Affecting Lipid Metabolism, p. 161. Plenum Press, 
New York. 
Schultz, F. M. and J. M. Johnston. 1971. The synthesis of higher glycer-
ides via the monoglyceride pathway in hamster adipose tissue. J. Lipid 
Res. 12:132. 
Scow, R. 0., M. Hamosh, E. J. Blanchette-Mackie and A. J. Evans. 1972. 
Uptake of blood triglyceride by various tissues. Lipids 7:497. 
Shafrir, E., B. Shapiro and E. Wertheimer. 1965. Glycogen metabolism in 
adipose tissue. ^ A. E. Renold and G. F. Cahill, Jr., (Ed.) Adipose 
Tissue. Section 5. Handbook of Physiology, p. 313. American 
Physiological Society, Washington, D.C. 
Shapiro, B. 1965. Triglyceride metabolism. In A. E. Renold and G. F. 
Cahill, Jr., (Ed.) Adipose Tissue. Section 5. Handbook of Physiology, 
p. 217. American Physiological Society, Washington, D.C. 
121 
Shapiro, B. and E. Wertheimer. 1956. The metabolic activity of adipose 
tissue - a review. Metabolism 5:79. 
Shapiro, B., I. Chowers and G. Rose. 1957. Fatty acid uptake and 
esterification in adipose tissue. Biochem. Biophys. Acta 23:115. 
Sheldon, H. 1965. Morphology of adipose tissue: A microscopic anatomy 
of fat. ^ A. E. Renold and G. F. Cahill, Jr., (Ed.) Adipose Tissue. 
Section 5. Handbook of Physiology, p. 125. American Physiological 
Society, Washington, D.C. 
Sidhu, K. S. and R. S. Emery. 1972. Regulation of blood fatty acids and 
glycerol in lactating cows. J. Dairy Sci. 55:926. 
Sidhu, K. S., R. S. Emery, R. A. Merkel and A. F. Parr. 1972. Relation 
of lipolysis to fatness in lambs. J. Anim. Sci. 35:207. (Abstr.). 
Simon, G. 1955. Histogenesis. ^ A. E. Renold and G. F. Cahill, Jr., 
(Ed.) Adipose Tissue. Section 5. Handbook of Physiology, p. 101. 
American Physiological Society, Washington, D.C. 
Skidmore, I. F., P. S. Schonhbfer and D. Kritchevsky. 1971. Effects of 
nicotinic acid and some of its homologues on lipolysis, adenyl cyclase, 
phosphodiesterase and cyclic AMP accumulation is isolated fat cells. 
Pharmacology 6:330. 
Spitzer, J. H. and H. I. Miller. 1956. Unesterified fatty acids and lipid 
transport in dogs. Proc. Soc. Exp. Biol. Med. 92:124. 
Steel, R. G. and J. H. Torrie. 1960. Principles and Procedures of 
Statistics. McGraw-Hill Book Co., New York. 
Steinberg, D. and M. Vaughan. 1965. Release of free fatty acids from 
adipose tissue dji vitro in relation to rates of triglyceride synthesis 
and degradation. In^A. E. Renold and G. F. Cahill, Jr., (Ed.) Adipose 
Tissue. Section 5. Handbook of Physiology, p. 335. American 
Physiological Society, Washington, D.C. 
Steinberg, D., M. Vaughan and S. Margolis. 1961. Studies of triglyceride 
biosynthesis in homogenates of adipose tissue. J. Biol. Chem. 236:1631. 
Strand, 0., M. Vaughan and D. Steinberg. 1964. Rat adipose tissue 
lipases: Hormone-sensitive lipase activity against triglyceride com­
pared with activity against lower glycerides. J. Lipid Res. 5:554. 
Thompson, W. J. and M. M. Appleman. 1971. Cyclic nucleotide phospho­
diesterase and cyclic AMP. Ann. N.Y. Acad. Sci. 185:36. 
Treble, D. M. and J. Mayer. 1963. Glycerol kinase activity in white 
adipose tissue of obese-hyperglycemic mice. Nature 200:363. 
122 
Tsai, S-C., P. Belfrage and M. Vaughan. 1970. Activation of hormone-
sensitive lipase in extracts of adipose tissue. J. Lipid Res. 11:466. 
Vague, J. and R. Fenasse. 1965. Comparative anatomy of adipose tissue. 
In A. E. Renold and G. F. Cahill, Jr., (Ed.) Adipose Tissue. Section 5. 
Handbook of Physiology, p. 25. American Physiological Society, 
Washington, D.C. 
Vaughan, M. 1960. Effect of hormones on phosphorylase activity in adipose 
tissue. J. Biol. Chem. 235:3049. 
Vaughan, M. 1962. The production and release of glycerol by adipose 
tissue incubated in vitro. J. Biol. Chem. 237:3354. 
Vaughan, M. 1972. The role of insulin in regulation of cyclic AMP 
metabolism. In I. B. Fritz (Ed.) Insulin Action, p. 297. Academic 
Press, New York. 
Vaughan, M. and D. Steinberg. 1965. Glyceride biosynthesis, glyceride 
breakdown and glycogen breakdown in adipose tissue: Mechanism and 
regulation. In A. E. Renold and G. F. Cahill, Jr., (Ed.) Adipose Tissue. 
Section 5. Handbook of Physiology, p. 239. American Physiological 
Society, Washington, D.C. 
Vaughan, M., J. E. Berger and D. Steinberg. 1964. Hormone-sensitive and 
monoglyceride lipase activities in adipose tissue. J. Biol. Chem. 
239:401. 
Vaughan, M., D. Steinberg, F. Lieberman and S. Stanley. 1965. Activation 
and inactivation cf lipase in honicgenates of adipose tissue. Life Sci. 
4:1077. 
Waldman, R. C. , W. J. Tyler and V. H. Brungardt. 1971. Changes in the 
carcass composition of Holstein steers associated with ration energy 
levels and growth. J. Anim. Sci. 32:611. 
Wasserman, F. 1965. The development of adipose tissue. ^ A. E. Renold 
and G. F. Cahill, Jr., (Ed.) Adipose Tissue. Section 5. Handbook of 
Physiology, p. 87. American Physiological Society. Washington, D.C. 
Weber, G., H. J. Hird, N. B. Stamm and D. S. Wagle. 1965. Enzymes 
involved in carbohydrate metabolism in adipose tissue. In A. E. Renold 
and G. F. Cahill, Jr., (Ed.) Adipose Tissue. Section 5. Handbook of 
Physiology, p. 225. American Physiological Society, Washington, D.C. 
Weiss, B. 1970. Factors affecting adenyl cyclase activity and its sensi­
tivity to biogenic amines. ^ J. J. Blum (Ed.) Biogenic Amines as 
Physiological Regulators, p. 35. Prentice Hall Inc., Englewood Cliffs, 
New Jersey. 
123 
Welton, R. F., R. J. Martin and B. R. Baumgardt. 1972. Adipose glycero-
kinase in lean obese animals. J. Anim. Sci. 35:170. (Abstr.). 
Wertheimer, E. and B. Shapiro. 1948. The physiology of adipose tissue. 
Physiol. Rev. 28:451. 
Westerman, E. and K. Stock. 1970. Inhibitors of lipolysis: Potency and 
mode of action of a- and ^-adrenolytics, methoxamine derivatives, 
prostaglandin E]_ and phenylisopropyl adenosine. %n B. Jeanrenaud and D. 
Hepp (Ed.) Adipose Tissue: Regulation and Metabolic Functions, p. 47. 
Academic Press, New York. 
White, J. E. and F. L. Engel. 1958a. A lipolytic action of epinephrine 
and norepinephrine on rat adipose tissue in vitro. Proc. Soc. Exp. 
Biol. Med. 99:375. 
I'Jhite, J. E. and F. L. Engel. 1958b. Lipolytic action of corticotropin 
on rat adipose tissue in vitro. J. Clin. Invest. 37:1556. 
Wieland, 0. and M. Suyter. 1957. Glycerokinase: Isolierung und Eigen-
schaften des Enzymes. Biochemische Zeitschrift. 329:320. 
Williamson, J. R. and P. E. Lacy. 1965. Structural aspects of adipose 
tissue: A summary attempting to synthesize information contained in the 
preceding chapters. In A. E. Renold and G. F. Cahill, Jr., (Ed.) Adipose 
Tissue. Section 5. Handbook of Physiology, p. 201. American Physio­
logical Society, Washington, D.C. 
Wirsén, C. 1965. Distribution of adrenergic nerve fibers in brown and 
white adipose tissue. In A. E. Rancid and G. F. Cahill, Jr., (Ed.) 
Adipose Tissue. Section 5. Handbook of Physiology, p. 197. American 
Physiological Society, Washington, D.C. 
Wise, E. M., Jr. and E. G. Ball. 1964. Malic enzyme and lipogenesis. 
Proc. Nat. Acad. Sci. 52:1255. 
Young, J. W., E. Shrago and H. A. Lardy. 1964. Metabolic control of 
enzymes involved in lipogenesis and gluconeogenesis. Biochemistry 
3:1687. 
Young, J. W., S. L. Thorp and H. Z. DeLumen. 1969. Activity of selected 
gluconeogenic and lipogenic enzymes in bovine rumen mucosa, liver and 
adipose tissue. Biochem. J. 114:83. 
Zinder, 0. and B. Shapiro. 1971. Effect of cell size on epinephrine-
and ACTH-induced fatty acid release from isolated fat cells. J. Lipid 
Res. 12:91. 
124 
ACKNOWLEDGEMENTS 
I wish to thank Dr. A. D. McGilliard for his guidance in my program of 
study at Iowa State University, for his patience during the planning, con­
ducting and summarizing of my research, and especially for his critical 
evaluation and suggestions during preparation of this dissertation. I 
would like to thank Dr. Don Beitz for his help and suggestions, both in 
conducting these experiments and in preparation of this dissertation. 
Appreciation is also extended for time and advice of other members of my 
committee, Drs.: Allen Trenkle, Dave Topel, Dave Griffith and Jerry Young. 
Thanks are extended to Dr. N. L. Jacobson for the invitation to join the 
Nutritional Physiology Group and for financial support during this study. 
Appreciated was the atmosphere of the Nutritional Physiology Group, which 
Drs.; Jacobson, McGilliard, Beitz and Young, as well as previous and 
present graduate students and technicians, have helped create. 
Thanks are extended to fellow graduate students John Bonner and Dennis 
DeWitt for providing information pertaining to animals, and to Marvin 
Pothoven for his assistance and helpful discussions. The able technical 
assistance of Jim Mohn and Wayne Hershberger was appreciated, as was the 
statistical advice and aid of Drs.; Jeff Berger, Gordon Thompson and Leah 
LaFlamme. 
I am grateful to my parents for their encouragement. I wish to 
express very special appreciation to Evelyn McGown for her encouragement, 
support and understanding and my thanks for typing the first draft of this 
dissertation. 
125 
APPENDIX 
APPENDIX TABLE 1. DESCRIPTION OF ANIMALS USED IN LIPOGENESIS STUDIES 
Animal description Carcass description 
Identi flcation Daily Dressing Quality 
Lab Farm Breed^ Date Age Weight gain<^ Weight percent Backfat grade 
( / / )  (/•') (date) (days) (kg) (kg day) (kg) (%) (cm) 
D-1 6261 Holstein 6/9/70 403 523 1.47 303 57.9 0,5 good+ 
I>-3 h269 Holstein 6/29/70 390 484 1.33 286 59.2 0. 5 pood-
D-4 ()129 Holstein 7/13/70 393 545 1.38 311 57.1 0.3 good-
D-ll 7088 Holstein 8/7/70 387 541 1.51 298 55.0 0.3 good+ 
D-2 Hols te:i n 6/22/70 242 287 151 52.6 _ — 
D-9 Hols tain 7/24/70 298 340 — — 169 49.7 
D-12 Holstein 8/7/70 271 141 52.0 — — 
B-5 s-yo^ Shorthorn 7/20/70 462 452 0.65 281 62.1 2.3 choice-
B-6 S-902 Shorthorn 7/20/70 469 460 0.42 294 63.9 2.3 choice+ 
B-7 P-905 Hereford 7/20/70 461 481 0.60 292 60.8 2.8 choice-
B-8 11-906 Hereford 7/24/70 442 429 0.19 251 58.4 2.0 choice-
B-10 S-906 Shorthorn 7/31/70 456 435 0.57 249 57.2 1.8 choice-
B-15 Hereford 8/28/70 — 429 — — — — -
B-13 M —. beef cross 8/14/70 —• mm 259 — •— 118 45.6 
B-14 — — beef cross 8/24/70 — — 221 121 54.7 — — 
^The Holsteln animals were bulls, raised and fed at the University Dairy farm. The Shorthorn 
and Hereford animals were steers, raised and fed at the University Beef-Teaching farm. The two small 
beef crossbred steers were raised on pasture at an outlying University farm until shortly before 
slaughter. 
^Live weights were recorded at time of slaughter. 
^Daily gains were calculated from 180 kg to slaughter weight gain for the large Holstein bulls 
and from 365 day weights to slaughter gains for the Shorthorn and Hereford steers. 
^Carcass weights are hot carcass weights minus a 2% shrink. 
APPENDIX TABLE 2. GLUCOSE-6-PHOSPHATE DEHYDROGENASE ACTIVITY IN BOVINE ADIPOSE TISSUES 
Adipose tissue site 
Subcutaneous Other 
Animal Outer briskeL Outer backfat Inner backfat Tallhead Inner brisket Omental Perirenal 
-ynioles NADPH formed/(mln x nig protein)-
D-1 1.20 2.26 2.20 -- 0.73 O.S': 0.61 
D— 3 — 1.22 2.47 — C.49 — — 
D-A 1.49 1.27 1.41 1.73 0.32 2.5. 0.78 
D-11 0.91 0.85 1.17 0.86 0.17 2 . 9 3  0.96 
D-2 0.0] 0.09 0.12 0.14 Ù.T1 0 . 2 3  0.11 
D-9 ".36 0.45 0.52 0.55 0.09 0.4f 0.38 
D-12 O.IC 0.03 -- 0.37 0.19 0.55 0.31 
B-5 0.62 0.62 0.47 0.6t. 0.3% 0.3L 0.25 
B-6 0.62 0.45 0.52 0.40 0.39 0.5^ 0.18 
B-7 0.97 0.72 0.62 1.12 0.24 0.54 0.46 
B-8 0.65 0.45 0.71 0.51 0.2(, 0.15 0.27 
B-10 0.67 0.70 0.87 0.46 0.10 0.2& 0.35 
B-15 C.32 0.84 0.67 0.3? 0.02 0.33 0.08 
B-13 0.04 0.02 0.06 0.05 0.06 0,06 0.06 
B-14 0.01 0.01 0.01 0.01 0.01 0.01 0.02 
APPENDIX TABLE 3. NADP-MALATE DEHYDROGENASE ACTIVITY IN BOVINE ADIPOSE TISSUES 
Adipose tissue site 
Subcutaneous Other 
Animal Outer brisket Outer backfat Inner backfat Tallhead Inner brisket Omental Perirenal 
// ymoles NADPH formed/(mln x mg protein) 
D-1 .168 .156 .152 — — .064 .107 .022 
D-3 — — .086 .098 .066 —• 
D-4 .095 .052 .056 .082 .038 .106 .029 
D-11 .057 .096 .092 .078 .072 .074 .058 
D-2 .006 .007 .010 .023 .034 .020 .005 
D-9 .016 .011 .016 .023 .032 .015 .016 
D-12 ,012 .004 — — .018 .031 .010 
B-5 .041 .048 .044 .044 .060 .058 .021 
B-6 .101 .080 .078 .047 . 066 .054 .011 
B-7 .086 .042 .037 .044 .070 .012 .007 
B-8 .062 .038 .051 .039 .056 .016 .050 
B-10 .070 .065 .045 .037 .058 .025 .023 
B-15 ,042 .055 .043 .033 .018 .011 
B-13 .008 .004 .002 .007 .011 . 006 .006 
B-14 .009 .005 — —  .006 .014 .004 .004 
APPENDIX TABLE 4. NADP-ISOCT.TRATE DEHYDROGENASE ACTIVITY IN BOVINE ADIPOSE TISSUES 
Adipose tissue site 
Subcutaneous Other 
Animal Outer brisket Outer backfat Inner backfat Tallhead Inner brisket Omental Perirenal 
if ymolea NADPH formed/(min x mg protein)--
D-1 0.13 0.21 0.30 0.14 0.05 0.18 
D-3 — — 0.18 0.34 0.20 — — — 
D-4 0.34 0.16 0.19 0.03 0.18 0.30 0.29 
D-11 0.37 0.40 0.43 0.46 0.19 0.50 0.62 
D-2 0.02 0.09 0.07 0.07 0.08 0.11 0.12 
D-9 0.10 0.23 0.24 0.07 0.12 0.17 0.25 
D-12 0.07 0.01 0.30 0.37 0.52 
B-5 0.21 0.12 0.18 0.20 0.24 0.29 0.15 
B-6 0.25 0.13 0.29 0.06 0.16 0.26 0.14 
B-7 0.35 0.34 0.34 0.42 0.33 0.21 0.27 
B-8 0.21 0.17 0.31 0.15 0.18 0.16 0.14 
B-IO 0.21 0.26 0.27 0.18 0.28 0.26 0.44 
B-15 0.28 0.46 — — 0.54 0.27 0.41 0.40 
B-13 0.10 0.07 0.26 0.15 0.24 0.16 0.22 
B-14 0.11 0.19 0.35 0.28 0.23 0.41 
APPENDIX TABLE 5. DESCRIPTION OF HOLSTEIN STEERS FROM THE UNIVERSITY DAIRY FARM 
Animal Animal description Carcass description 
identification Slaughter Daily 
gain* 
Carcass 
weight^ 
Dressing 
percent" 
Percent separable® 
Lab Farm Date Age Weight® Fat Lean Bone 
at) (//) (date) (days) (kg) (kg/day) (kg) (%) (%) (%) (%) 
D-4 6489 7/14/71 258 267 0,98 145 54.2 15.2 63.8 21.0 
D-5 6496 7/20/71 254 266 0.93 143 53.8 13.0 64.6 22.4 
D-19 6569 12/7/71 234 271 1.17 144 52.9 11.5 66.7 21.8 
D-20 6576 12/14/71 228 269 1.41 145 53.7 13.4 65.2 21.5 
D-21 6581 3/2/72 280 300 1.53 166 55.5 15.9 64.5 19.6 
D-22 6613 4/18/72 318 291 1.34 156 53.6 13.7 65.4 20.9 
D-3 6449 7/6/71 363 381 0.93 224 58.8 17.4 64.3 18.3 
D-6 6463 7/29/71 354 380 0.63 213 56.1 17.9 60.3 21.8 
D-7 6462 8/3/71 364 394 1.09 227 57.6 20.4 60.6 19.0 
D-8 6481 8/12/71 305 371 0.77 195 52.6 15.7 62.7 21.6 
D-9 6469 8/18/71 353 395 1.35 221 55.9 17.6 62.7 19.7 
D-11 6493 9/14/71 317 385 1.37 215 55.9 19.3 61.8 19.0 
D-2 6408 6/22/71 450 520 1.05 297 57.0 19.0 63.0 18.0 
D-10 6438 9/2/71 450 528 0.94 308 58.2 20.9 62.2 16.8 
D-13 6444 9/30/71 453 526 1.14 305 58.0 21.7 61.4 16.9 
D-14 6429 10/5/71 509 520 1.14 309 59.4 28.1 54.2 17.7 
D-15 6448 10/14/71 464 538 1.16 319 59.3 22.8 60.0 17.2 
D-16 6428 10/21/71 526 535 0.92 307 57.4 27.0 56.9 16.1 
D-12F^ 6474 9/20/71 375 353 1.43 198 56.1 16.4 62.5 21.0 
D-17F 6491 11/16/71 381 365 1.70 225 61.5 22.8 58.0 19.2 
D-18F 6500 11/18/71 370 383 1.80 223 58.2 19.0 61.8 19.1 
^Slaughter weights are unshrunk live weights recorded at the University Meat Laboratory prior 
to slaughter. 
^Daily gains were computed over a 30- to 60-day period immediately prior to slaughter for the 
fed animals and for a similar length period prior to the fast for the fasted animals. 
^Carcass weights are hot carcass weights minus a 2% shrink. 
^Dressing percent is calculated from slaughter weight and shrunk carcass weight. 
^Percent separable fat, lean and bone are from physical separation expressed as percent of 
chilled carcass weight. Fat includes kidney and pelvic fat. 
^The three fasted animals, D-12F, D-17F and D-18F, were treated similar to other animals until 
approximately 21 days before slaughter at which time they were Individually penned with access to 
salt and water. 
APPENDIX TABLE 6. DESCRIPTION OF EOLSTEIN STEERS, FROM THE BUTANEDIOL EXPERIMENT* 
Animal Animal description Carcass description 
number Slaughter Dressing 
Lab Farm Ration Date Welght*^ Dally gain Weight^ percent? Fat& 
(#) (#) (%) (date) (kg) (kg/day) (kg) (%) (%) 
BD-1 12 -60 9/9/71 134 -0.31 74 55.4 3.0 
BD-2 16 -60 9/9/71 148 0.28 80 54.4 5.3 
BD-3 1 -60 9/9/71 138 -0.28 79 53.5 5.5 
BD-4 10 -60 9/9/71 131 0.06 72 55.0 3.2 
BD-5 9 -60 9/9/71 159 0.03 84 53.2 4.4 
BD-6 5 -60 9/9/71 147 -0.37 78 53.9 4.9 
BD-7 15 +80 1/18/72 338 0.86 198 58.7 14.7 
BD-8 23 +80 1/18/72 316 0.73 181 57.3 11.2 
BD-15 18 +80 2/1/72 337 1.09 203 60.2 12.3 
BD-9 20 -80 1/18/72 307 0.75 178 58.0 9.5 
BD-10 28 -80 1/18/72 320 0.63 178 55.8 11.2 
BD-18 22 -80 2/1/72 322 0.89 188 58.4 12.5 
BD-12 7 +40 1/25/72 299 0.53 172 57.4 15.9 
BD-14 6 +40 1/25/72 308 0.61 174 56.3 7.8 
BD-16 13 +40 2/1/72 290 0.40 163 56.1 11.4 
BD-11 29 -40 1/25/72 300 0.38 163 51.5 11.5 
BD-13 11 -40 1/25/72 317 0.60 177 55.7 9.6 
BD-17 4 -40 2/1/72 290 0.68 169 58.1 8.2 
BD-19 24 & 86 +80 6/5/72 428 1.30 259 — 13.6 
BD-27 26 & 87 +80 6/5/72 477 1.09 289 20.1 
BD-25 2 & 88 +80 6/5/72 441 0.81 267 — —  13.8 
BD-28 25 & 89 +80 6/5/72 425 0.89 257 — — 16.8 
BD-23 14 & 90 +80 6/5/72 463 0.89 280 16.2 
BD-29 27 & 91 +80 6/5/72 471 1.30 285 15.6 
BD-30 17 & 80 -80 6/5/72 415 0.85 251 15.0 
BD-20 8 & 81 -80 6/5/72 463 1.30 281 14.5 
BD-24 30 & 82 -80 6/5/72 387 0.81 234 14.6 
BI>-21 3 b 83 -80 6/5/72 443 1.05 268 13.6 
BD-26 19 & 84 -80 6/5/72 446 0.81 270 16.9 
BD-22 21 & 85 -80 6/5/72 477 1.22 289 17.6 
^The animal weight and carcass fat data were collected by and are included through the courtesy 
of John Bonner. 
^Rations contained 40, 60 or 80% flaked corn, with (+) or without (-) 4% butanediol. 
'"Slaughter weights for animals BD-l-BD-18 are unshrunk live weights recorded at time c . slaughter 
at the University Meat Laboratory. The wtrLghts for animais BD-iy-BD-30, slaughtered at Marshall Pack 
at Marshalltown, Iowa were estimated from individual hot carcass weights and a dressing ppv-ent 
calculated from total carcass and total shrunk live weights. 
^Daily gains were estimated from: 8-day gains for animals BD-l-BD-6; 31- to 45-day gains for 
animals BD--7-3D-18, using slaughter weights in calculating gain; and 56-day gains for aniiral;; BD-19-
BD-30, u&ing weights from the final 56 days of the butanediol feeding trial which ended 12 days 
before slaughter. 
^Carcass weights are hot carcass weights minus a 2% shrink. 
^Dressing percentages are calculated from slaughter weights a^d shrunk carcass weight" 
^The percent fat of whole round was determined from 24-hour extraction with Skelly B, of dried, 
pulverized samples of ground round. 
APPENDIX TABLE 7. DESCRIPTION OF INDIVIDUAL BEEF-BRED STEERS* 
Animal 
identification 
Labb FarmC 
Animal description Carcass 
Slaughter 
Date Age Weight" 
Dally 
ealnf 
Carcass 
weight^ 
Dressing 
percentS 
description 
Percent separable^ 
Fat Lean Bone 
(#)  
B-lAn 
B-3An 
B-2Ch 
B-4Ch 
B-6An 
B-7An 
B-5Gh 
B-8Ch 
B-lOAn 
B-12An 
B-9Ch 
B-13Ch 
B-14RA11 
B-15RAn 
B-llRCh 
B-16RCh 
B-19An 
B-20An 
(//) 
99 
116 
113 
60 
9: 
51 
8.' 
63 
38 
22 
10 
110 
74 
1.9 
77 
56 
90 
(date) (days) 
9/16/71 
9/23/71 
9/16/71 
9/23/71 
2/6/72 
2/24/72 
2/e/72 
2/24/72 
5/9/72 
6/1/72 
4/25/72 
6/1/72 
8/10/72 
8/18/72 
6/1/72 
8/18/72 
143 
128 
132 
161 
290 
316 
293 
314 
394 
421 
386 
393 
480 
501 
426 
488 
(kg) (kg/day) 
10/24/72 558 
11/28/72 585 
106 
116 
116 
114 
235 
242 
215 
231 
367 
357 
373 
361 
361 
361 
356 
367 
493 
514 
0.50 
0.67 
0.59 
0.27 
0.97 
1.12 
0.54 
0 .88  
1.22 
1.26 
1.30 
1.25 
0.63 
0 . 6 8  
0.84 
0.65 
0.64 
1.01 
(kg) 
56.9 
57.8 
63.2 
61.8 
126 
134 
121 
132 
215 
208 
222 
214 
220 
212 
214 
214 
319 
331 
53.7 
49.9 
54.5 
54.2 
53.6 
55.3 
56. 5 
57.0 
58.7 
58.3 
59.5 
59.2 
60.9 
58.8 
6 0 . 2  
58.3 
64.7 
64.4 
(%) 
6.4 
7.0 
4.3 
6 . 2  
13.4 
14.0 
9.7 
11.9 
24.6 
19.2 
18.7 
12.8 
20.4 
20.3 
18.7 
20.8 
34.1 
40.7 
(%) 
70.1 
67.8 
71.6 
69.1 
67,5 
67.5 
71. S 
69.8 
59.u 
63.y 
6 6 .  •  
68. n 
61. Î 
63.4 
64. J 
64.1 
53.4 
48.6 
23.4 
25.2 
24.1 
24.6 
19.1 
18.5 
18.7 
18.3 
15.5 
16.9 
15.2 
18.4 
18.0 
16.3 
17.2 
15.0 
12.4 
10.7 
B-17Ch 
B-18Ch 
^The weights for calculating average dally gains and the physical separation data of the 
carcasses were collected by and are included through the courtesy of Dennis DeWitt. 
^Suffixes An, Ch and R indicate steers from Angus and Charolais sires and restricted-fed steers. 
^Farm Identification numbers are those used by the University Beef Farm. 
'^Slaughter weights are unshrunk live weights recorded at time of slaughter. Animals B-15RAn 
and B-16RCh were slaughtered at Marshall Pack at Marshalltown, Iowa and all others at the University 
Meat Laboratory. 
^Daily gains were estimated from final 84- or 91-day gains for the first four steers and final 
40- to 70-day gains for the others. The slaughter weight was used as the final weight in calculating 
gain. 
^Carcass weights are hot carcass weight minus a 2% shrink. 
^Dressing percentages were calculated from slaughter weights and shrunk carcass weights. 
^Percent separable fat, lean and bone are from physical separation expressed as percent of 
chilled carcass weight. Fat Includes kidney and pelvic fat. 
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APPENDIX TABLE 8. BASAL LIPOLYSIS OF HOLSTEIN STEER 
(DAIKy FAEM) ADIPOSE TISSUES* 
Adipose tissue site 
Outer Inner 
Animal backfat backfat Perirenal Omental Intermuscular 
# pmole glycerol released/(g x hr) 
D-4 0.34 0.22 0.20 0.24 0.22 
D-5 0.28 0.24 0.13 0.14 0.04 
D-19 0.61 0.77 0.26 0.27 0.29 
D-20 0.40 0.36 0.41 0.22 0.28 
D-21 0.28 0.24 0.20 0.20 0.17 
D-22 0.43 0.40 0.26 0.48 0.21 
D-3 0.20 0.14 0.06 0.03 0.07 
D-6 0.38 0.30 0.15 0.14 0.18 
D-7 0.12 0.14 0.12 0.15 0.14 
D-8 0.16 0.18 0.24 0.23 0.12 
D-9 0.18 0.12 0.23 0.24 0.12 
D-11 0.24 0.20 0.16 0.16 0.14 
D-2 0.02 0.06 0.34 0.16 0.07 
D-10 0.15 0.13 0.16 0.24 0.17 
D-13 0.56 0.54 0.54 0.34 0.34 
D-14 0.33 0.48 0.45 0.42 0.36 
D-15 0.38 0.39 0.47 0.28 0.31 
D-16 0.55 0.67 0.48 0.48 0.42 
D-12F 0.12 0.11 0.24 0.36 0.13 
D-17F 0.42 0.40 0.39 0.41 0. 66 
D-18F 0.50 0.40 0.84 0.55 0.49 
^Values are means from duplicate tissue incubations and duplicate 
glycerol analyses of the media. 
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APPENDIX TABLE 9. STIMULATED LIPOLYSIS OF HOLSTEIN STEER 
(DAISY FARM) ADIPOSE TISSUES* 
Adipose tissue site 
Outer Inner 
Animal backfat backfat Perirenal Omental Intermuscular 
# umole glycerol released/(g x hr)— 
D-4 1.76 2.29 0.67 1.36 0.91 
D-5 1.29 2.09 1.81 0.99 1.53 
D-19 3.51 2.80 1.98 1.89 1.46 
D-20 1.86 2.33 0.47 1.52 1.03 
D-21 2.44 2.69 1.88 1.61 1.88 
D-22 1.90 1.46 0.55 0.96 0.41 
D-3 1.77 1.05 1.53 1.01 1.33 
D—6 2.40 1.67 1.47 1.24 1.14 
D-7 1.72 1.58 0.31 0.60 0.65 
D—8 1.68 1.47 0.65 0.92 0.90 
D-9 1.79 1.58 1.03 0. 66 1.27 
D-11 1.00 1.35 0.75 0.36 1.04 
D-2 0.44 1.05 0.37 0.35 0.05 
D-10 1.94 1.61 0.42 1.04 1.70 
D-13 1.22 1.09 0.52 0.55 1.17 
D-14 1.56 1.06 0.47 0.83 0.92 
D-15 1.26 1.12 0.87 0.90 1.23 
D-16 1.94 1.43 0.90 1.22 1.28 
D-12F 0.54 0,46 0.84 0.53 0.76 
D-17F 0.82 0.84 0.77 0.76 0.78 
D-18F 1.15 1.18 0.99 1.06 1.22 
^Values are means of triplicate tissue incubations and duplicate 
glycerol analyses of the media. 
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APPENDIX TABLE 10. BASAL AND STIMULATED LIPOLYSIS FROM HOLSTEIN 
STEER (BUTANEDIOL EXPERIMENT) ADIPOSE TISSUES* 
Adipose tissue site 
Inner Inner 
Animal Tailhead backfat Omental Tailhead backfat Omental 
# ymole glycerol released/(g x hr) 
Basal lipolysls Stimulated lipolysis 
BD-1 0.30 — 0.26 1.75 2.13 
BD-2 0.40 0.50 2.90 3.02 
BD-3 0.38 — —  0.43 1.72 2.27 
BD-4 0.50 — —  0.71 2.52 3.19 
BD-5 0.44 0.36 2.56 — —  2.60 
BD^6 0.59 0.51 2.54 2.68 
BD-7 0.41 0.36 — — 1.89 1.51 
BD-8 —  —  0.55 0.55 1.65 0.97 
BD-15 0.58 0.48 1.93 1.46 
BD-9 0.60 0.53 2.33 1.36 
BD-10 0.32 0.40 1.46 1.18 
BD-18 0.40 0.52 2.12 2.12 
BD-12 0.33 0.33 1.72 1.09 
BD-14 — —  0.34 0.57 2.49 1.54 
BD-16 0.44 0.36 1.28 0.89 
BD-ll 0.43 0.59 1.96 1.62 
BD-13 —  —  0.41 0.54 2.1/ 1.83 
BD-17 — —  0.44 0.48 1.95 1.65 
BD-19 0.47 — —  — — 0.62 — — 
3D-27 — —  0.44 —  —  1.06 
BD-25 — —  0.49 0.69 
BD-28 — - —  0.44 0.85 
BD-23 0.33 — —  0.78 
BD-29 0.38 — 0.80 
BD-30 — — 0.33 — — 0.74 —  —  
BD-20 0.36 0.76 
BD-24 —  —  0.33 —  —  0.69 
BD-21 0.42 — —  0.92 — —  
BD-26 —— 0.45 0.67 —  —  
BD-22 — —  0.46 1.04 
Values are means from duplicate or triplicate tissue incubations and 
duplicate glycerol analyses of the media. 
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APPENDIX TABLE 11. BASAL LIPOLYSIS OF BEEF-BRED STEER ADIPOSE TISSUES^ 
Adipose tissue site 
Inner 
Animal Tailhead backfat Perirenal Omental Intermus cular 
# ymole glycerol released/(g x hr) 
B-lAn 0.34 —  —  0.32 0.18 0.18 
B-3An 0.26 0.18 0.14 0.16 
B-2Ch 0.34 •• — 0.21 0.24 0.15 
B-4Ch 0.18 0.18 0.12 0.08 
B-6An 0.26 0.30 0.27 0.17 
B-7An — 0.34 0.22 0.21 0.19 
B-5Ch 0.36 0.50 0.37 0.43 
B-8Ch — 0.43 0.34 0.27 0.20 
B-lOAn 0.39 0.23 0.26 0.23 
B-12An — 0.35 0.22 0.28 0.22 
B-9Ch 0.32 0.32 0.26 0.20 
B-13Ch 
— 
0.37 0.45 0.36 0.30 
B-14RAn 0.25 0.25 
B-15RAn — 0.12 — —  0.14 
B—llRCii 0.22 0.17 0.31 0.14 
B—16RCh — 0.16 — 0.18 — —  
B-19An 0.44 0.56 
B-20An — 1.20 — 0.70 
B-17Ch 0.70 —— 1.14 — —  
B-18Ch • 1 •• 0.44 —— 0.60 — 
Values are means of triplicate tissue incubations and duplicate 
glycerol analyses of the media. 
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APPENDIX TABLE 12. STIMULATED LIPOLYSIS OF BEEF-BRED STEER ADIPOSE TISSUES* 
Adipose tissue site 
Animal Tailhead 
Inner 
backfat Perirenal Omental Intermuscular 
# 
B-lAn 1.83 1.91 1.63 1.69 
B-3An 1.56 3.00 1.81 1.51 
B-2Ch 2.29 2.60 2.71 2.12 
B-4Ch 1.24 1.51 0.55 0.58 
B-6An 2.43 1.43 1.09 1.24 
B-7An 1.67 1.44 1.36 1.51 
B-5Ch 2.03 1.70 1.86 2.29 
3-8Ch 2.57 1.93 1.27 2.11 
B-lOAn 1.39 0.56 0.77 0.79 
B-12An 1.19 0.38 0.45 0.74 
B-9Ch 1.34 0.45 0.95 1.18 
B-13Ch 1.43 1.25 1.16 0.86 
B-l4RAn 1.71 MB 0.83 MM 
B-15RAn 0.41 0.63 
S-llSCh *«. — 0.79 0,85 0. 56 0.92 
B-16RCh — —  0.80 — 0.93 ' 
B-19An 0.91 0.56 — —  
B-20An 1.07 — 0.94 
B-17Ch 1.48 MM 1.27 
B-18Ch — — 1.32 — 0.60 
^Values are means of triplicate tissue incubations and duplicate 
glycerol analyses of the media. 
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APPENDIX TABLE 13. PROTEIN CONCENTRATION OF HOLSTEIN STEER 
(DAIRY FARM) ADIPOSE TISSUES^ 
Adipose tissue site 
Outer Inner 
Animal backfat backfat Perirenal Omental I nt ermus cular 
# yg protein/100 mg tissue-
D-4 145 69 115 152 136 
D-5 181 83 118 185 129 
D-19 180 59 179 131 122 
D-20 122 49 59 100 67 
D-21 167 101 123 178 108 
D-22 206 177 310 318 148 
D-277 167 91 151 177 118 
D-3 119 124 86 202 145 
D— 6 145 61 115 152 136 
D-7 37 33 68 134 79 
D-8 137 107 148 156 90 
D-9 96 71 110 155 73 
D-11 120 128 111 154 155 
D-384 109 87 106 159 113 
D-2 175 162 61 76 75 
D-IO 173 91 65 116 74 
D-13 100 42 61 127 91 
D-14 58 46 61 98 152 
D-15 63 44 33 57 56 
D-16 73 40 27 38 45 
D-528 107 71 51 85 82 
D-12F 90 43 114 298 114 
D-17F 104 109 147 155 126 
D-18F 106 97 200 123 93 
D-367F 100 83 154 192 111 
^Adipose tissue was homogenized with a Potter-Elvehjem tissue grinder, 
the homogenates were centrifuged and the pellet rehomogenized. This was 
repeated a third time and protein was determined by the Lowry procedure 
on the combined supernatant solutions. 
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APPENDIX TABLE 14. BASAL LIPOLYSIS OF HOLSTEIN STEER (DAIRY FARM) 
ADIPOSE TISSUES, EXPRESSED ON TISSUE PROTEIN 
Adipose tissue site 
Outer Inner 
Animal backfat backfat Perirenal Omental Int ermus cular 
ir ymole glycerol released/(mg protein x hr) 
D-4 0.23 0.32 0.17 0.16 0.16 
D-5 0.15 0.29 0.11 0.08 0.03 
D-19 0.34 1.12 0.15 0.21 0.24 
D-20 0.33 0.73 0.69 0.22 0.42 
D-21 0.17 0.24 0.16 0.11 0.16 
D-22 0.21 0.23 0.08 0.15 0.14 
D-277 0.24 0.49 0.23 0.15 0.19 
D-3 0.17 0.11 0.07 0.01 0.05 
D-6 0.26 0.49 0.13 0.09 0.13 
D-7 0.32 0.42 0.18 0.11 0.18 
D-8 0.12 0.17 0.16 0.15 0.13 
D-9 0.19 0-17 0.21 0.15 0.16 
D-11 0.20 0.16 0.14 0.10 0.09 
D-384 0.21 0.25 0.15 0.10 0.12 
D-2 0.01 0.04 0.56 0.21 0.09 
D-IO 0.09 0.14 0.25 0.21 0.23 
D-13 0.56 1.29 0.89 0.27 0.37 
D-14 0.57 1.04 0.74 0.43 0.24 
D-15 C. 6C 0.89 1.42 0.49 0. 55 
D-16 0.75 1.68 1.78 1.26 0.93 
D-528 0.43 0.85 0.94 0.48 0.40 
D-12F 0.13 0.26 0.21 0.12 0.11 
D-17F 0.40 0.37 0.27 0.26 0.52 
D-18F 0.47 0.41 0.42 0.45 0.53 
D-367F 0.34 0.34 0.30 0.28 0.39 
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APPENDIX TABLE 15. EPINEPHEINE-STIMULATED RATES OF LIPOLYSIS OF 
EOLSTEIN STEER (DAIRY FARM). ADIPOSE TISSUES, EXPRESSED 
ON TISSUE PROTEIN 
Adipose tissue site 
Outer Inner 
Animal backfat backfat Perirenal Omental Intermuscular 
# —ymole glycerol released/(mg protein x hr)— 
D-4 1.21 3.32 0.58 0.89 0.67 
D-5 0.71 2.52 1.53 0.54 1.19 
D-19 1.95 4.06 1.11 1.44 1.20 
D-20 1.52 4.76 0.80 1.52 1.54 
D-21 1.46 2.66 1.53 0.90 1.74 
D-22 0.92 0.82 0.18 0.30 0.28 
D-277 1.30 3.02 0.96 0.93 1.10 
D-3 1.49 0.85 1.78 0,50 0,92 
D-6 1.66 2.74 1.28 0.82 0,84 
D-7 4.65 4.79 0.46 0.45 0,83 
D-8 1.23 1.37 0.44 0.59 1.00 
D-9 1.86 2.23 0.94 0.43 1.74 
D-11 0.83 1.06 0.68 0.23 0.67 
D-384 1.95 2.17 0.93 0.50 1.00 
D-2 0.25 0.65 0.61 0.46 0.07 
D-10 1.12 1.77 0.65 0.90 2.30 
D-13 1.22 2.60 0.85 0.43 1.29 
2. 6S 2.30 0.77 0,85 0.61 
D-15 2.00 2.55 2.64 1.58 2.20 
D-16 2.66 3.58 3.33 3.21 2.84 
D-528 1.66 2.24 1.48 1.24 1.55 
D-12F 0.60 1.07 0.74 0.18 0.67 
D-17F 0.79 0.77 0.52 0.49 0.62 
D-18F 1.08 1.22 0.50 0.86 1.31 
D-367F 0.82 1.02 0.59 0.51 0.87 
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APPENDIX TABLE 16. ANALYSIS OF VARIANCE FOR PROTEIN CONCENTRATION 
OF HOLSTEIN STEER (DAIRY FARM) ADIPOSE TISSUES* 
Source of error 
Degrees 
freedom 
Mean 
square 
A) Groups D-277, D-384 and D-528 
Group 
linear 
quadratic 
Animals/group (error A) 
Sites 
Sites X group 
Animals/site group (error B) 
15 
4 
5 
60 
28663.6333 * 
56856.8167 ** 
470.4500 ns 
6391.2022 
9135.1500 ** 
2574.6333 " 
966.5522 
B) Groups D-384 and D-367F 
Group 1 1672.7111 ns 
Animals/group (error A) 7 2299.6190 
Sites 4 9341.0722 ** 
Sites X group 4 1283.7389 ns 
Animals/group (error B) 28 1303.5119 
a 
*, " and ns signify differences at P<.05, P<.01 and no difference 
at P>.05. 
